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Aerial view of The Cleveland Electric Illuminating Company's new Eastlake Power Plant 
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Jan — July ‘53 


These new utility power stations (located on new 
sites) were all placed in service for the first time 
in the period January—July 1953. 

Present station capacities range from 44,000 
kw (one of two units) to 325,000 kw (two of six 
units). Aggregate capacity as represented by C-E 
Boilers installed, under construction or on order 
to serve these stations is 1,898,000 kw. 

Five of the seven stations have reheat units 
with steam temperatures ranging from 950/950 
F to 1050/1000 F. Boiler design pressures range 
from 1350 to 2150 psi. 

All boiler units are designed for multifuel 
firing and all but one are equipped with tilting, 
tangential burners. 

The two latest stations to be placed in service— 
Portsmouth and Etiwanda—have controlled cir- 
culation boilers. B-696 
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Anything other than dry steam going over from the boiler may lead 
to difficulties in boiler water systems. Drew Boiler Water Treatment 
includes highly effective products such as Drew Organic U-14-L 

for prevention of carryover. 


A large food manufacturer in the mid-west was troubled with excessive 
carryover. Drew Organic U-14-L was recommended 

after a thorough analysis. It not only stopped the carryover, but also 
cleared up sludge adherence, which had long been a problem. 


To prevent or eliminate industrial water problems in your plant, 


you'll get results faster and more economically with this Drew program: 


Thorough study and analysis of the problem 

Use of effective organic and inorganic products 

Efficient methods of feeding products to the system 
Control of dosages by simplified plant testing 

Service by qualified field engineers 

Technical assistance by the Drew Technical Department 
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and technical bulletins. 
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Rhode Island Anthracite 


Periodically since its discovery in 1760, attempts have 
been made to utilize Rhode Island meta-anthracite as a 
commercial fuel, but its high ash content of thirty-five 
to forty per cent and its very low reactivity have com- 
bined to balk such attempts. It was unsuited to firing 
by hand, on stokers or in pulverized form. It has been 
mined on a small scale for certain uses where its graphitic 
nature is of some value but the demand is very limited. 

The latest word on this coal is contained in a pam- 
phlet just issued by the University of Rhode Island Ex- 
periment Station which several years ago, in conjunc- 
tion with the U. S. Bureau of Mines, undertook studies 
and experiments looking to potential uses of this meta- 
anthracite such as might create a substantial demand. 
As reported in the pamphlet, this investigation showed 
the practicability of manufacturing mineral wool by 
changing the anthracite into a continuous-slagging type 
of gas producer and blowing the gas stream to make the 
wool. 

Although the conclusions are based on pilot-plant ex- 
periments, indications are that they would be borne out 
on a commercial scale. The significant fact is that the 
product is one which is in wide demand as an insulating 
material and such use could readily lead to an appreci- 
able demand for the meta-anthracite. 


Instrument Clinics 


Maintenance of instruments and controls assumes an 
ever increasing importance in steam power stations. 
lhe trend of recent years to more and more centraliza- 
tion of control functions continues. This means addi- 
tional instruments, both of the recording and indicating 
types, and added interlocks of control systems. Under 
these circumstances uninterrupted operation of the sta- 
tion becomes dependent upon reliability of instruments 
‘nd controls. 

Instrument manufacturers have long recognized their 
responsibility in training skilled maintenance men. 

lany of them provide special training courses at their 
ctories and at other strategically located points. Per- 
ips the most ambitious program is that sponsored by 
ie Instrument Society of America. The Fifth Precon- 
rence ISA Instrument Maintenance Clinic was held in 
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Chicago on September 18-20. Twenty-one manufac- 
turers cooperated in presenting three simultaneous 
schedules, each of which covered eight types of instru- 
ments and controls. Those in attendance had the bene- 
fit of an instruction period of eighteen hours in the course 
of the three-day clinic. 

Benefits from this training program should be forth- 
coming to all those who were foresighted enough to have 
representatives in attendance at the clinic. The In- 
strument Society of America and the cooperating manu- 
facturers are to be commended for their continued 
sponsorship of this type of training program. 


Continuous Coal Reclaiming 


One of the few operations in central stations that has 
generally been left out of central control rooms is coal 
reclaiming. In the great majority of plants the func- 
tions of receiving, unloading, stocking out and reclaim- 
ing coal have been lumped together as part of work to 
be conducted on a single-shift, 40-hour-per-week basis 
Bunkers within the plant have frequently been designed 
with sufficient capacity to supply maximum load from 
late Friday afternoon to early Monday morning. 

In striving to reduce investment in building structure, 
the coal bunker offers an attractive place to start. At 
the ASME Fall Meeting in Rochester, H. C. Schweikart 
of Gilbert Associates described plans for coal handling at 
the Milliken Station of New York State Gas and Elec- 
tric Corp. By designing the coal reclaiming system for 
continuous operation and by incorporating remote con- 
trols with indicators for the operators in the central con- 
trol room, it has been possible to reduce the size of the 
bunker to about one third of that required in conven- 
tional design. This arrangement may prove attractive 
in other instances in which it is desired to minimize sta- 
tion building volume. 

These advantages derived from continuous coal re- 
claiming must be balanced against the safety features of 
large bunkers. The latter have the merit of keeping 
available a larger reserve supply of coal within the 
station structure. 

Greatest interest in the design of the coal-handling 
facilities of Milliken Station lies in the efforts to apply 
automatic features in an area where they have previously 
received little attention. 
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Power for 
South African 
Synthetic Fuel 
Project 


OUTH Africa ranks second in the world with respect 
to the number of automobiles per inhabitant, yet it 
has relatively small native resources of petroleum. 

There are no large refineries operating in that country, 
although a privately owned refinery is now being built by 
an American oil company to process imported oil. Be- 
cause of the geographical isolation of the Union of South 
Africa, independence of imported oil is an important ele- 
ment of national defense; hence a project is now well 
under way which will employ the abundant local coal re- 
sources for the conversion into petroleum products. 
This project is being carried out by the South African 
Coal, Oil, and Gas Corporation (called SASOL, for short), 
which is an agency of the Government, and which has 
under construction a major oil-from-coal synthetic fuels 
plant, about forty miles south of Johannesburg. In the 
design and construction of this plant international sources 
of equipment supply, as well as engineering, have been 
drawn upon. The prime contractor and consultant for 
the entire undertaking is the M. W. Kellogg Company of 
New York; engineering for the power plant is in the 
hands of Societe Financiere De Transports D'Enterprise 
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An unusual degree of international co- 
operation has been involved in the design 
and construction of the power plant for 
this major South African coal-to-oil proj- 
ect. Now under construction, it is ex- 
pected to be in operation in 1954 with an 
initial capacity of 5400 bbl per day. 


Industrielles of Brussels, Belgium (SOFINA); whereas 
equipment for the power plant and the refinery is being 
furnished by firms in South Africa, France, Switzerland, 
Germany, England and the United States. 

This installation is expected to be in operation in 1954 
and should be capable of producing about 20 per cent ol 
South Africa's present petrol requirements. Other 
similar projects are under consideration. The initial 
capacity will be 5400 bbl of liquid product per day in 
cluding alcohols, various solvents, kerosene, etc. In 
addition to the liquid products, fertilizer as ammonium 
sulfate will also be produced. 

The plant is located about two miles northwest ol 
Coalbrook Station in the districts of Vredefort and Heil 
bron in the Northern Orange Free State at an elevation 
of 4900 ft above sea level where the climate is dry and 
extreme temperatures range from just below freezing in 
July to the low nineties in January. The region has 
abundant coal in thick veins and, because of the proxim- 
ity of the mines to the refinery, it is expected that the 
delivered cost of the coal will not exceed the equivalent 
of ninety cents a ton and may be very much less. Cal 
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Progress of construction in July; boiler house to left and turbine room on right 
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culations show that one ton of this coal, including power 
requirements, will produce a barrel of oil. 


Basic Elements of the Power Plant 


lhe power plant will contain four boilers, each rated 
4t 360,000 Ib of steam per hour at 820 F and three 13,500 
kw mixed-pressure turbine-generators. These will de 
liver power and steam for the refinery, and power to the 
nearby mines, a large pumping station and local com- 
munities. Under conditions of normal operation three 
boilers and two turbine-generators will be in service with 
4 total steam generation of about a million pounds per 
hour at 550 psig. Of this amount 450,000 Ib will go 
directly to process at high pressure for use in coal gasifi- 
cation. Additional steam will be supplied from waste- 
heat boilers operating in conjunction with the refinery. 





The Vaal River from which SASOL will get its water 


The main steam turbines, which are of German make, 
will each have an output of 10,000 kw when using high- 
pressure steam only; but when operated as mixed-pres- 
sure machines, with the addition of 30-lb steam from the 
refinery, they will be capable of producing 13,500 kw 
each. Also, numerous turbine drives in the refinery en- 
ter into the overall plant heat balance. 

Coal from the mines is to be transported to a crushing 
und screening station with the fines going to the power 
plant, where they will be pulverized, and the remainder 
to process in the refinery. It is expected that around five 
thousand tons of coal will be converted daily into oil and 
illied products. 

Water for the plant is taken from the Vaal River. 
(his water is very high in dissolved solids during the 
rainy season. Therefore, in order to hold the solids con- 
‘ent of that used to a reasonable value, a large storage 

servoir has been built with a capacity of some fifty mil- 

m gallons. The reservoir water wil! be blended with 
‘he river water during the season of heavy run-off. 

Vater treatment for the plant will employ a hot-line 
olite system supplied by a British firm. 

There are two circulating water systems, one for the 

irface condensers and the other to meet process cooling 

quirements. Forced-draft cooling towers are being in- 
alled. ‘ 

A temporary electrical connection to the lines of the 

uth African Electric Supply Commission will be em- 

‘oyed for initially starting the plant. 
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Steam Generation Details 


The boilers are of the C-E two-drum bent-tube type, 
designed for 650 psig and are expected to operate at 575 
psig with superheater outlet temperature of 820 F at 
rated load of 360,000 Ib of steam per hour and a feed- 
water inlet temperature of 230 F. They are designed to 
burn pulverized coal, gas or light oil, or a combination of 
pulverized coal and gas, as conditions from time to time 
may dictate. 


A typical ultimate analysis of the coal to be burned is 
as follows: 


Moisture 6.0 per cent-maximum- 
S.0 per cent 
Carbon 51.5 per cent 
Hydrogen 2.8 per cent 
Oxygen 9.9 per cent 
Nitrogen 1.2 per cent 
Sulfur 0.73 per cent 
Ash 27.9 per cent 


8,400 
S,040 


High heating value 
Low heating value 


Btu per Ib 
Btu per Ib 


The coal will be pulverized in C-E Raymond bowl mills 
of which there are three per boiler. Each has a capacity 
of 25,000 Ib per hr. Each furnace has three horizontal 
combination coal and refinery gas burners and for burn- 
ing light oil, mechanical-atomizing oil guns are provided. 
Operation will be on fully automatic combustion control 
with Copes feedwater regulators. The superheaters are 
of the pendant type and the air heaters of the three-pass 
tubular counterflow type. 

At an elevation of 5000 ft and an overload rating of 
370,000 Ib of steam per hour, the forced-draft fans are 
capable of handling 112,000 cfm at 11 in. w.g. At the 
same elevation and steam output, the induced-draft fans 
will handle 221,000 cfm at 11.85 in. w.g. The forced- 
and induced-draft fans are of standard American design 
and are furnished by the Green Fuel Economizer Co. of 
Beacon, New York. 

The mechanical dust collectors of the Multiclone type 
furnished by Western Precipitation Corp., Los Angeles, 
are expected to have an efficiency of 85.7 per cent (based 
on fly ash containing not more than 28 per cent under 
10 microns in size) when handling 221,000 cfm at an 
elevation of 5000 ft. 


International Sources of Supply 


In supplying the steam generators, Combustion En- 
gineering received substantial assistance from its foreign 
affiliates. A subsidiary company, Combustion En- 
gineering-Superheater Africa (Pty) Ltd., was formed to 
have certain material fabricated by South African indus- 
trial plants. In this way it was possible to obtain struc- 
tural steel, platforms and stairways, ductwork, casings, 
refractory setting materials, and insulation from local 
sources. Motors for the bowl mills and for the forced- 
and induced-draft fans were supplied by Metropolitan- 
Vickers of South Africa. 

Apart from American and South African sources, other 
material for the boilers was obtained from Europe. The 
Compagnie des Surchauffeurs of France fabricated the 
superheaters in general accordance with American stand- 
ards. Also many of the valves were obtained from Hop- 
kinsons Ltd. of Huddersfeld, England. 
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Steam, condensate and makeup flow diagram 


Electrical Features 

All motors over 100 hp operate at 3300 volts; those 
below 100 hp operate at 110, 220 or 500 volts. 

As an aid in insuring continuity_and reliability of elec- 
trical service, a double bus system is used throughout. 
Arrangements are such that power may be transferred 
from one bus to another in less than one second. Since 
the plant is isolated and has no permanent electrical in- 
terconnections, special precautions were taken to guard 
against all forseeable causes of forced outages. 


Partial List of Other Power Equipment Supplied from 
Several Countries 

The turbines are of AEG (German) design and manu- 
facture. 

Boiler feed pumps are supplied by Sulzer Brothers, 
(Switzerland) and are driven by AEG motors. 

Combustion control is of Hagan design and manufac- 
ture (American). 

Most of the piping will be supplied from European 
sources and fabricated on the job. 

Allen-Sherman-Hoff is supplying a Hydrovactor for 
removing fly ash and a slurry system for removing ash 
from the boiler hopper bottoms. 

Deaerating heaters will be furnished by Balke of Ger- 
many. 

High-voltage switch gear is of Brown Boveri (Swiss) 
design. 

Low voltage switch gear is from Voigt & Haefner 
(German). 

Stacks are locally designed and fabricated. 

Miscellaneous pumps are of German KSB manufac- 
ture. 

Cooling towers will be supplied by the Fluor Corpora- 
tion. 

Surface condensers are of AEG design. 


Circulating water pumps are turbine driven and sup- 
plied by KSB (German). 
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Carbon Dioxide in Water 


Corrosion of steam condensate systems is due largely 
to reduction of pH of the condensate by CO, evolved in 
the boiler, according to a paper at the recent meeting of 
the American Chemical Society at Chicago. The paper, 
‘Determination of Low Amounts of Carbon Dioxide in 
Water,”’ by J. B. Smith, E. K. Gilbert and M. Howie of 
the Permutit Co. declares that analysis of condensate and 
boiler feedwater for total CO, of less than around 0.5 ppm 
has in the past been accomplished by direct means. The 
authors describe a newer method which permits deter 
mination of total CO, at levels of approximately 0.1 ppm. 
It is designed to minimize the introduction of fresh air, 
hence COs, when introducing the sample. 

This method is an evolution process employing recir 
culated air in a closed system to strip CO, from a boiling 
acidified sample. The CO, is absorbed in a barium hy 
droxide solution, which is back-titrated with standard 
acid. Values obtained are compared with a blank, pre 
viously boiled, acidified distilled water. 

Laboratory results on standard solutions are presented. 
Data obtained in the field on determination of CO» in 
the effluent from a corrosion-resistant deaerating heatet 
treating an acid water show a value of less than 0.1 ppm 
Tests on a demineralizing plant, employing a highly ba 
sic anion-exchanger, also show less than 0.1 ppm COz in 
the effluent. 





The new Fairless Works of U. S. Steel at Morrisville, 
Pa., which began operation last December and is ex 
pected to be completed late this year, will require some 
600 railroad carloads of bituminous coal each week when 
operating at full capacity. 
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FUTURE SUPPLIES OF POWER 


BY A. G. CHRISTIE 


Research Professor of Mechanical Engineering 
The John Hopkins University 








In this paper, recently presented before 
the Engineering Institute of Canada at 
Montreal, the rapid growths in electrical 
load in both Canada and the United States 
are cited to show what may be anticipated 
in capacity demands by 1975. To meet 
these demands it is estimated that addi- 
tional capital investments of 91 billion 
dollars in the United States and 17 billion 
in Canada will be required. The necessity 
for steam power to supplement hydro 
power in Canada is pointed out and the 
potential fuel supplies are reviewed. 


TUDIES of the growth of power systems indicate 
that peak loads have increased over long periods at 
an average cumulative rate between 6 and 7 per cent 

per year, and peak loads double in about 11 years. There 
is little evidence that load saturation is near at hand. New 
uses for electricity are constantly developing on the farm, 
in homes, at factories, for electro-chemical processes, 
etc. These will probably maintain the present rates of 
load growth for many years provided no wars or eco- 
nomic disturbances intervene. 

This rate of increase until 1975 will lead to peak loads 
that are four times present demands. The seriousness of 
the problem of future supplies becomes apparent from 
the need for the construction of power generating plants 
and distribution facilities by 1975 with capacities four 
times the total capacity of all present generating stations. 
One has only to consider the present generating capacity 
in electric central stations of over 80,000,000 kw! in the 
United States and of about 9,910,000 kw in Canada to 
realize the tremendous increases in generating plants and 
listribution systems that must be in operation by 1975. 

Close to seven million kilowatts of new capacity was 
idded to the power systems of the United States in 1952 
it a cost of $3,700,000,000, and in Canada about 840,000 
kw was added at a cost of $538,000,000. Plans call for 
he addition of some 11,600,000 kw of capacity in the 
U.S. this year and additions of 665,000 kw are said to be 
ontemplated in Canada. While 97 per cent of the homes 
n the United States are electrified, the average home use 
s only 2175 kwhr per year which is considerably below 
he Canadian average. A factor in the increasing use in 

' Latest statistics released by the Federal Power Commission show a total 


nstalled central station capacity of approximately 84 million kilowatts plus 
ver 15 million in industrial power plants.—-Eprror 
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the home is the steady decrease in the average cost of 
service despite higher fuel and labor costs. In the United 
States this average cost decreased from 4.3 cents per kwhr 
in 1937 to 2.76 cents in 1952. Farm electrification is a 
load of increasing importance with an average use of 
3075 kwhr in the United States last year. 

The provision of increased capacity involves financial 
as well as engineering problems. The average cost of new 
generating plants and distribution systems in the United 
States over the last three years was about $380 per kw of 
capacity.” At this rate the cost of necessary additional 
capacity by 1975 would be about $91,200,000,000. If the 
same rate is assumed for Canadian steam and hydro- 
electric plants as noted later, and totaling 46,667,000 kw, 
these additions will cost $17,733,000,000 by 1975. 
Where are these large sums of money to be found? How 
can such extensions be financed without causing eco- 
nomic disturbances? These money preblems must be 
solved jointly by engineers and financiers. * 

Some may question the high cost of future capacity. 
Low-cost hydroelectric sites near power-consuming 
centers have already been developed. The more distant 
sites will be expensive to exploit and will require costly 
transmission lines. The cost of steam stations has in- 
creased over 60 per cent during the last 20 years despite 
the use of large units and will probably continue to in- 
crease. Hence, the costs mentioned above can be reason- 
ably assumed for estimating purposes. 

Engineers face difficult problems in the determination 
of the best and most economical means of meeting these 
increasing power demands. Foresight is needed to 
estimate what sources of power may be made available, 
what locations should be reserved for future power sites 
and what distribution and interconnected systems should 
be planned. Steps should be taken at once to secure sites 
needed for future generating plants before urban de- 
velopment or other commercial uses prevent the acquisi- 
tion of the desired areas even though the property may 
not be used for some years. The art of power develop- 
ment is changing rapidly and all plans must provide for 
adjustment to such changes. It is evident that engineer- 
ing statesmanship is needed to guide discussions on these 
developments. 


The Canadian Situation 


Canada’s industrial growth over the last decade has 
been amazing. The rich natural resources of the North 
and West are being utilized to an increasing extent. 
Manufacturing has become of increasing importance. 


* This figure covers generating plant, transmission system and distribution 
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Both population and industry may be expected to grow 
at an increasing rate. For these reasons, electrical de- 
mands may expand more rapidly than in the United 
States and the problems of future supplies of power in 
Canada would then become more pressing than now ap- 
pears. 

Canada’s development of power in central electric 
stations has been principally at water power plants. 
Fortunately large capacities of hydroelectric energy are 
available in those sections deficient in fuel supplies. Un- 
developed hydro sites lie, in general, at increasing dis- 
tances from consuming centers. Transmission systems at 
higher voltages than now in use, can make this energy 
available where needed. However, construction costs 
will be higher for these more distant plants with long 
transmission lines. 

Since exact data on Canadian central stations were not 
available to the writer, the following estimates have been 
based on information that was obtained from several 
sources. 


Economic Hydro Potential 


The Department of Resources and Development at 
Ottawa has published annual bulletins on Canadian 
hydroelectric progress and water-power resources. It is 
stated in these publications that the installed capacity in 
hydroelectric central stations in Canada in 1952 was 12,- 
859,956 hp. Allowing for generator efficiency of 96 per 
cent, this represents about 9,210,000 kw capacity. 
Steam plant capacity estimated at about 700,000 kw, in- 
creases the total central station availability to 9,910,000 
kw. If it is assumed that this capacity approximates 
present peak demands plus reserve, then 39,640,000 kw 
of capacity will be needed by 1975. 

The Department’s publications also state that the total 
estimated hydro capacity in Canada at ordinary mini- 
mum flow is 29,207,000 hp, or about 20,917,000 kw, and 
that at ordinary six months’ flow turbine installations of 
(66,000,000 hp, or about 47,267,000 kw, are possible. Ten 
per cent of this capacity will probably be used by pulp 
and paper mills, aluminum works, mines and other indus- 
tries. Also a considerable proportion of these capacities, 
about 10 per cent, is in northern British Columbia, 
northern Quebec, Newfoundland and the Northwest 
Territories. One may assume that only 80 per cent of 
these potential powers will be economically available for 
electric stations by 1975. Hence, possible economic 
hydro sites may by 1975 provide 16,734,000 kw at or- 
dinary minimum flow and 37,814,000 kw at ordinary six 
months’ flow. The difference between these two figures 
of 21,080,000 kw represents capacity available for six 
months only. The difference between the estimated de- 
mand in 1975, of 39,640,000 kw, and the capacity avail- 
able at ordinary six months’ flow of 37,814,000 kw, 
amounts to 1,826,000 kw and this would have to be 
supplied from other power sources. 

Experience has shown that central electrical systems 
cannot render continued service based on capacities of 
six months’ flow only. In the United States the Tennes- 
see Valley Authority, the City of Los Angeles, the Pacific 
Gas and Electric Co., and power systems in the southern 
states, have found it necessary to supplement their hydro 
capacity by large steam plants. The Bonneville Power 
Authority is said to be considering the acquisition of coal 
fields in Canada to supply steam plants that must be 


46 





added to their hydroelectric system to provide for low- 
water periods. 

Hence it is reasonable to assume that some of the ?1,- 
080,000 kw available for six months only, will require 
supplementing by other power plants. If it is assumed 
that one-third of this capacity must have stand-by plants, 
an additional capacity of 7,027,000 kw must be pro- 
vided by other than hydro. 

These estimates indicate that besides the capacity of 
37,814,000 kw in hydroelectric plants, a total of (1,826,000 
+ 7,027,000) = 8,853,000 kw capacity must be pro- 
vided in other plants, the majority of which now appear 
to be steam plants. The enormity of Canadian power de- 
velopments becomes apparent from these capacities. 


Steam Power Development 


Regarding Canadian fuel supplies, the coal fields of the 
Maritime Provinces can care for that area and also for a 
portion of Quebec. The Prairie Provinces have large de- 
posits of coal, petroleum and natural gas. The two latter 
fuels can be made available to Ontario and Quebec by 
pipe lines. British Columbia also has large supplies of 
mineral fuels. Ontario and Quebec must depend on coal 
supplies from outside sources and principally from the 
United States. Opening of the St. Lawrence Seaway 
should make coal cheaper than at present at many points 
in these provinces as iron ore carriers would seek cargoes 
of coal on their down trips to Seven Islands. 

District heating merits attention in connection with 
fuel-burning plants in Canadian cities. Winters in 
northern latitudes are long and cold. Older sections of 
the cities have deteriorated as living quarters and some 
are becoming slums. Reconstruction of these areas as 
business establishments and apartment buildings would 
provide a favorable situation for district heating. Air 
pollution would be lessened, fuel deliveries kept off the 
streets, and usable areas in buildings increased by the 
elimination of individual heating plants. As a combined 
result of such gains, real estate values would increase and 
thereby increase the city’s taxable basis. The heating 
steam required could be generated in central electric 
plants at high pressures and passed through steam tur- 
bines as reducing valves into distributing pipes. The 
seasonal electrical energy thus developed could be de- 
livered to the power distribution system when and as 
available. Such kilowatt-hours would be produced at 
low fuel cost. 


Natural Gas and Oil 


Natural gas is a premium fuel. Its greatest utility is 
for domestic use, certain industrial processes and petro- 
chemical manufacture. While now used in steam power 
plants, from the standpoint of national economy, it 
should be reserved for other purposes. In the United 
States the price of natural gas at the wells has increased 
steadily and it will soon become too costly to use for 
steam generation. One can expect the same cost trend in 
Canada. 

Fuel oil will become available at many centers through 
pipe lines from Western Canada and by tankers. Its con- 
tinued use for power generation depends upon its cost 
which will probably increase. Where fuel oil will pres- 
ently be used in steam stations, the boiler furnaces are 
being designed for the later use of coal. 

Foresight and boldness are necessary in planning future 
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fuel-burning plants. The art of steam power production 
is changing rapidly. Only the installation of large 
modern high-pressure, high-temperature units will avoid 
early obsolescence. Low unit costs, long service life and 
high efficiency are best assured by such large units and by 
employing what may appear at the moment to be ex- 
treme steam conditions. Interconnections justify the 
employment of unit capacities that may appear dispro- 
portionate in size in some instances to other units on the 
local system. 

Certain aspects of steam plant design warrant con- 
sideration. The operating availability of steam genera- 
tors, turbine-generators and their several auxiliaries has 
increased so that power plants are now built on the unit 
system of ‘one boiler-one turbine’ even in the largest 
sizes. Each unit has its own set of auxiliaries and there is 
no interconnection between units except on the outgoing 
electrical feeders. This design saves costly valves and 
piping, simplifies operation especially where reheat is 
used, and lowers installation cost. 

Certain ‘‘Preferred Standards’ for 60-cycle turbine- 
gene-ators have been adopted in the United States. 
These cover units ranging from 12,650 kw to 150,000 kw 
in capacity. Non-standard single units up to 260,000 kw 
capacity have been purchased while units up to 500,000 
kw are under discussion. All electric generators 16,500 
kw and larger are hydrogen-cooled at hydrogen pressures 
up to 30 psi. While most of these larger units are single- 
shaft machines operating at 3600 rpm, some of the largest 
sets have two shafts with a 3600-rpm high-pressure unit 
and a low-pressure 1800-rpm turbine to provide sufficient 
exhaust areas. 


Pressure Increasing 


Steam pressures up to 2300 psig are in use and pressures 
up to 4500 psig are projected. Steam temperatures are 
at present limited to about 1150 F by the metals now 
available for superheater tubes. New metals are under 
development and increases in temperature may be ex- 
pected. Substantial gains in fuel efficiency can be se- 
cured by employing reheat at these high pressures. The 
majority of large installations now have one stage of re- 
heat. 

Thermal efficiencies of steam stations have steadily im- 
proved. The average coal consumption for all utility 
plants in the United States which was 1.38 Ib per kwhr in 
1938 decreased to 1.1 lb per kw hr in 1952. Many new 
plants use only 0.75 lb of coal per kwhr. A recent esti- 
mate for a future plant with 3200 psig, 1150 F followed 
by two stages of reheat to 1100 F, is 8650 Btu per kwhr or 
ibout */; Ib of coal of 13,300 Btu per kwhr. 

Piping systems are simplified by the unit design. 
Steam headers and feedwater headers are eliminated and 
thus save many valves. Valves between the superheater 
utlet and turbine stop valve are left out in many cases. 

iping is welded throughout. 

Steam generators are of the radiant-heat type with 
irge furnaces having heat release rates of the order of 

8,000 Btu per cu ft when fired with pulverized coal. 
‘nits developing 800,000 Ib of steam per hour and larger, 
uay have divided furnaces or intermediate platen groups 
f tubes in the upper furnace. Coal is usually burned in 
ulverized form. Cyclone furnaces are used with coals 
‘iaving low-fusing ash. Pressurized furnaces permit 
mission of induced-draft fans. Forced circulation will 
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probably be employed on steam generators with pressures 
above 2500 psig.* Boiler drums are all welded and con- 
necting tubes will probably be also welded to drums on 
future units. More than half the heat added to fhe steam 
is absorbed in the superheaters which are generally built 
in two sections. Superheat control is important at high 
pressures and temperatures and may be secured by at- 
temperators, spray desuperheaters, flue gas recirculation 
or burner control. Besides economizers, air preheaters 
are added to provide air to the furnace at temperatures 
up to 700 F. 

Available coals are becoming higher in ash content. 
Ash disposal areas of ample size should be provided ad- 
jacent to new plants. The public has become conscious 
of air pollution. Hence fuel-burning plants must be pro- 
vided with mechanical or electrostatic dust catchers or 
both, to lessen the discharge of dust from chimneys. 
Sulfur cannot be removed at present from fuel or flue 
gases by any economic method. Increased demands for 
sulfur for industrial use may lead to the development of 
means to remove it either from the raw fuel or from the 
chimney gases. 

Substantial savings in total plant cost have been made 
in southern sections of the United States by the elimina- 
tion of building structures. Some northern plants have 
parts of the steam generator and its auxiliaries outdoors. 
It would seem more desirable to totally enclose Canadian 
plants. Such partly enclosed plants in the United States 
now cost from $160 to $180 per kw capacity. Lower- 
priced building materials are desired to lessen the cost of 
station structure. 

Increased instrumentation is an outstanding develop- 
ment in steam plants. Practically all equipment is 
operated from a single control board or at most from two 
control boards. The operator secures high efficiency by 
interpretation of the instruments on these boards. This 
centralization has decreased the number of plant opera- 
tors. 


Working Fluids Other Than Steam 


Studies have been made of the possibilities of using 
other working fluids than steam in power plants, but the 
conclusion was reached that only mercury appeared 
promising. 

A number of plants have been built in the United States 
to use the mercury-steam process. Good thermal per- 
formances have been secured, the highest being about 
9400 Btu per kwhr. The mercury plant is expensive to 
build and, as its thermal performance is being aproached 
by steam, it has not enjoyed wide popularity. 


Diesel Engines 


Diesel engines have exceptional thermal efficiencies, in 
the smaller sizes performances from 10,000 to 12,000 Btu 
per kwhr when in good operating condition. These en- 
gines burn natural gas or fuel oil, in commercial sizes up 
to about 3000 kw. Maintenance becomes high when low- 
grade fuels are used or with the employment of high 
brake mep. The engineers of the U. S. Rura! Electrifica- 
tion Administration recently decided that diesel engines 
were best suited to plants of 10,000 kw or less in capacity. 
Diesels will be used largely in small isolated plants or for 


} It has also been employed with pressures from 1450 to 2650 psig 
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peak purposes at the ends of long transmission lines as 
well as on the railroads. 


Gas Turbines 


European builders have constructed the larger gas tur- 
bine sizes to date although higher gas temperatures are 
used in American units than in Europe. Theoretical 
cycles offer some interesting possibilities. However, 
practical difficulties with metals that must stand high 
temperatures, erosion by ash particles and particularly by 
vanadium in the ash, as well as construction of heat- 
exchangers, have slowed development. This promising 
machine will eventually find a place on power systems 
either alone or in combination with steam generators 
particularly for pipeline operation and for the smaller 
electric stations. Since the gas turbine gives its best per- 
formance with low-intake air temperatures, it should be 
particularly suitable for northern Canada. 


Atomic Energy 


Power production from atomic energy has been 
demonstrated on a laboratory scale. As now conceived, 
the nuclear reactor will take the place of the boiler and 
furnace for the generation of steam for turbine-generators. 
Military secrecy has prevented dissemination of informa- 
tion on reactor performance and no data are available. 
Some time may elapse before the possibilities of atomic 
energy for central station service can be properly ap- 
praised. 

It appears from general discussions of atomic power 
plants that initial investment will be high. Operating 
costs may exceed those in present coal-fired plants if the 
uranium is entirely consumed but may be relatively low 
with breeder-type reactors or where radio-active by- 
products may be sold at a profit. However, some electric 
generating stations using atomic energy may be expected 
to be in service before 1975. These may influence later 
programs of Canadian power development. 


General Considerations 


It would have been impossible twenty-five years ago to 
predict the progress in science and engineering that are 
today’s achievements. One is equally at a loss to predict 
what may occur between now and 1975. However, the 
importance of power in the daily life of the nation makes 
it obligatory upon engineers to keep abreast of all de- 
velopments in science and to apply these advances where 
possible. 

One may ask, ‘“‘What pressing needs in power develop- 
ment demand early satisfaction?’’ Two appear of major 
importance: (@) greater thermal efficiency in power pro- 
duction and (b) more economic means of delivering 
energy to users. 

Regarding thermal efficiency, while station heat rates 
have been reduced from 23,000 Btu per kwhr in 1914 to 
9400 Btu per kwhr today, the best overall thermal 
efficiency is still only 36.3 per cent, largely due to the 
complicated cycle of burning fuel, generating steam, ex- 
panding it in a turbine and wasting much of the total heat 
of the fuel to the condenser cooling water. What is 
needed is a method to produce electrical energy directly 
from the combustion of the fuel by the aksorption and 
conversion of the radiant heat and light rays emitted in 
the furnace. The means to effect this transformation are 
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not known now but if discovered, would revolutionize 
power development. 

Concerning the second need, the expense of trans- 
mitting and distributing electric energy is increasing. 
This is particularly true of those transmission lines at 
high voltage that will be needed to reach distant power 
sources and to provide system interconnections. Small 
amounts of energy have been sent short distances by wire- 
less. Possibly directional devices of a radar nature may 
eventually supersede towers, insulators and transmission 
lines to distribute energy without wires and at lesser cost. 

The importance of the human element in future de- 
velopments cannot be overlooked. Advances in design 
result from the imagination and resourcefulness of engi- 
neers. Large steam power stations with automatic con- 
trols require the use of brains rather than strong backs to 
achieve high efficiency. The careful training of operators 
for such plants becomes a major consideration. College- 
trained men are finding increasing opportunities in the 
management of such stations. 


Conclusions 


The preceding paragraphs have presented some views 
on the growth of electrical loads in Canada and of the steps 
necessary to meet their rapidly increasing demands. 
Canadian engineers must design and build large steam 
stations in addition to many hydroelectric plants to care 
for load growth. Great sums of money will be required 
to build the necessary generating plants and distribution 
systems. Many more highly trained operators will be 
required in new plants. The task ahead is a formidable 
one and presents a challenge to the engineering profession 
of Canada. However, in view of previous accomplish- 
ments, Canadian citizens may rest assured that their 
engineers will provide for these future power require- 
ments with competent means that will yield efficient re- 
sults. 


New Italian Plant in Service 


The illustration shows the Palermo steam power plant 
in Sicily which has recently been completed. Built with 
the aid of Uncle Sam’s Marshall Plan funds this station, 
designed and engineered by The Kuljian Corporation of 
Philadelphia, contains three 30,000-kw generating units. 
Owned and operated by Societa Termo-Elettrica Sici- 
liana, this new power plant is counted upon to play an 
important role in the economic recovery of southern 
Italy. 
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Methods for Cleaning Regenerative 
Type Air Preheaters—Part III 


By JOSEPH WAITKUS* 


This is the concluding article of the 
series, the first and second parts of which 
appeared in August and September. The 
present article discusses the influence of 
certain elements in fuels that contribute to 
deposit formations, the effect of moisture 
content of the air to the forced-draft fan, 
and that of a wet blowing medium in ac- 
celerating corrosive action. Washing of 
the heating surface is described in detail. 


HE subject of cleaning regenerative-type air pre- 
heaters would not be complete without a discussion 
of the methods for washing the heating surface to re- 
move stubborn deposits. With the increased use of low- 
grade fuels high in those elements contributing to the for- 
wation of deposits and corrosion, it became increasingly 
important to develop further the technique of washing. 
Fortunately, the new cleaning devices discussed earlier 
lend themselves readily, without modification, to the 
washing operation. Some special designs have been devel- 
oped which will be discussed as a part of this phase of 
the series of articles. 
It might be well to list first some of the factors that 
contribute to deposit formation. According to current 
thinking, the following seem to be most important: 


FUEL 

Coal and oil are sources of trouble because of the sul- 
fur, moisture, vanadium and ash content. Natural 
gus is rarely troublesome, but the mixed gaseous fuels 
and waste or dump fuels of various unstable and doubtful 
composition are known to contain some of the above 
elements and others of varying influence on deposit 
formation. These odd fuels are often heavy contributors 
to deposits. 


BolLeER Loap 

\ load demand which fluctuates widely is likely to 
cause trouble when exit flue gas temperature reaches 
the dewpoint range. Long operating periods at low 
loads, combined with low-grade fuel, is an excellent com- 
bination for a corrosion and deposit problem. 


A\tBrENT AIR AT FoRCED-DRAFT FAN INLET 


\ir admitted to the preheater, if low in temperature 
wid/or high in entrained moisture, is recognized as an- 
olver source contributing to corrosion and deposits be- 
Cause it lowers the metal temperature and- introduces 
iivisture. Current interest in outdoor draft fan ar- 
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rangements is requiring attention to several means of 
control over air temperature and moisture. 


BLOWING MEDIUM 


A wet blowing medium will serve to support and accel- 
erate corrosive action and will, furthermore, wash out 
soluble elements in the deposit, leaving the insoluble ones 
to produce a hard and cementlike deposit. 

Some or all of the foregoing factors will be noted to 
exist to a certain degree in practically every installation. 
Variations in the individual factors or their combination 
makes the problem of deposit control most difficult. It 
explains why many installations never have to wash, 
whereas others have to wash as frequently as every few 
weeks, although the latter is rare. 

The texture of the deposit cannot be overlooked in a 
discussion of washing procedure. It can be a dry dust 
varying in particle size between extremely fine to very 
coarse. It can be a dry and hard deposit clinging te- 
naciously to the metal surface. It can also be a sticky or 
gummy deposit appearing as almost a liquid of high vis- 
cosity. The texture is definitely under the influence of 
the factors listed above. 

Solubility of the deposit is another point. There are 
very few if any deposits considered insoluble. All are 
soluble to a degree, depending on the composition. 
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Fig. 17—Typical wiring diagram for controlled washing 


Sulfates are the binder for a deposit and are highly solu- 
ble. As the binder dissolves and is removed with the 
washing water, it carries along with it the insoluble con- 
stituents of the deposit as a mud or sludge. If the in- 
soluble materials are not removed and are allowed to 
remain on the surface, they assume the state of a cement. 
In such a condition they can be removed only by some 
mechanical action. 

The rate of accumulation is also under the influence 
of these factors. Combined with the texture and solu- 
bility of the deposit, it determines when washing is nec- 
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essary and how frequently. Obviously, the dry dust 
type of deposit is the ideal one. The dust is usually so 
fine as to be easily removed by the scrubbing effect of air 
and flue gas flow. It, no doubt, accounts for the instal- 
lations which never have to wash and which can main- 
tain continuous satisfactory operation by periodic use of 
steam or air cleaning devices. It may not even be nec- 
essary to use the cleaning device. 

The sticky or gummy type of deposit is becoming 
quite common because of the poorer quality of the solid, 
liquid and mixed gaseous fuels. Under the action of the 
cleaning jet, which tends to roll the sticky substance in- 
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Fig. 18—Recommended zoning of rotor area to control 
washing with consideration for deposit density 


stead of blowing it loose from the metal, it generally 
builds up rapidly to an appreciable amount deep in the 
suriace. This type of deposit usually has a highly cor- 
rosive action on the heating surface, but frequent washing 
under proper conditions can neutralize the action and 
increase the life of the surface. 


Standard Water Requirements 


Before discussing the equipment developed for wash- 
ing, it might be well to touch upon the condition of the 
water to be used for the operation. The current stand- 
ard recommendation is that the temperature be at least 
150 F; the pressure be at least 10 psig for vertical units, 
and about 90 to 100 psig for horizontal units; the alka- 
linity at least 11 pH; and the quantity sufficient to 
assure complete removal of the deposit, approximately 
130 gpm. 

As for temperature, the washing will be performed 
quicker and the results will be better, the higher the water 
temperature. Some deposits will not be affected by cold 
water. Warm or hot water accelerates the penetration, 
and evaporates quickly after the washing operation is 
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completed. When the preheater is washed with hot w 
ter soon after the equipment is shut down, there is less 
temperature shock to the heating surface. 

Pressure is important only in connection with horizou- 
tal preheaters. Here the deposit must be moved hori- 
zontally through the depth of the surface and washed out 
the far end. Pressure is necessary to accomplish this. 
In the case of vertical units, washed from above, better 
results are obtained and less water is wasted, with a solid 
stream of water at some pressure such as will move thie 
deposits steadily through the passages. The water 
trickles down through the passages in the surface to thie 
bottom, and carries along the deposit. For vertical units 
washed [rom below, some pressure is necessary to provide 
sufficient penetration into the surface to assure removal 
of all deposits. However, washing from above should 
follow, and is a standard recommendation. Pressure 
should be adjusted to meet the needs of the type and 
arrangement of the preheater and the nature of deposit 
encountered. 

The alkalinity or pH of the water has, in recent years, 
assumed extreme importance. By maintaining a high 
pH in the water the corrosive actions of the deposit and 
washing operations are definitely retarded. There is 
another significant advantage in the fact that high alka 
line water seems to have a higher penetrating or wetting 
power. Deposits are removed more easily and with more 
thoroughness. Soda ash is the most common alkalizing 





Fig. 19—Combination single-nozzle cleaning device for 
steam or air blowing, with water-washing nozzle included 


agent because it is readily available in most plants. 
Caustic soda, tri-sodium phosphate and a few other 
agents have been used in some cases to adjust the alka 
linity. 

The quantity of water to be used in the washing op- 
eration is difficult to specify, because of its dependence 
on several factors. Experience seems to support the 
suggestion that at least 75 gpm be provided, although in 
certain cases considerably more than this has been con- 
sumed. This may have been due to careless handling of 
the water or to an abundant supply with no limitations 
on its free use. The important point to bear in mind is to 


October 1953—-C OMBUSTION 





F; 


m 
in 





for 


ded 


ts. 
her 
ka 


oOp- 
nee 
the 
1 in 
Ol 
y of 


ons 


ON 





use plenty of water as insufficient water may result in 
more damage and expense in the end than the cost of 
the water saved. 


Equipment for Washing 
The equipment for washing is, fortunately, very simple 


in design and arrangement. Since publication of the 
article of March 1942 in ComBusTION, as previously 
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Fig. 20—Hand lance and baffle arrangement for water 
washing 


mentioned, a few innovations have been added. As an 
introduction there might be listed the principal methods 
for washing as follows: 


Hand lancing 
Multi-jet spray 
Single- and dual-nozzle devices 


A description of the hand lance as contained in the 
article of March 1942 is still adequate for current needs. 
Supplementing it with the information and recommenda- 
tions above should cover this method of washing for cur- 
rent practice. It is used widely, particularly as a finish- 
ing touch for the washing operation after one of the other 
incthods is used. 

Che multi-spray washing arrangement is regarded to- 
diy as obsolete and has been superseded by new and 
niore effective equipment. This is not meant to imply 
that the multi-spray idea is no good. It has Some appeal 
aiid application possibilities where there is an unlimited 
supply of water, or where the deposit is low in acid con- 
tent and comparatively easy to remove. In other words, 
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by practically flooding the preheater with water, the 
surface may be conditioned easily and quickly. The 
multi-spray design has been applied to horizontal pre- 
heaters with some success in a few cases. It is not being 
recommended generally because of the uncertainties 
resulting from incomplete removal of acid solutions and 
deposits. The cases indicating satisfactory results are 
usually not in the class considered as having critical op- 
erating characteristics. The multi-spray cannot be 
used for washing vertical units from the bottom. It is, 
therefore, limited to washing downward only. 

With the introduction of the single- and dual-nozzle 
cleaning devices described earlier, it was natural to con 
sider them for washing purposes also. In other words, 
the one device could serve the dual purpose of steam or 
air blowing and water washing. Since more efficient 
cleaning results were obtained by blowing with a mass 
jet of steam or air, it was logical to assume a better wash 
ing job might be obtained with a mass jet of water. It 
was only necessary to pipe water to the cleaning devic« 
and depend on the manual or power operating feature oi 
the cleaning device to move the jet of water over the 
heating surface. The mass of water, with the general 
conditions specified, results in a concentrated scrubbing 
action. It tears the deposit loose and flushes it out un- 
der the force of a large quantity of water. There. is 
less water wasted; the washing operation is very much 
accelerated; and the washing is more thorough. 








Fig. 21—Special washing arrangement with partitioned pipe 
and slot for distribution of water 


The normal speed of rotation of the rotor in a regen 
erative type air preheater is approximately 3 rpm. At 
this speed the heating surface moves too fast for ade 
quate washing. It is, therefore, important to syn 
chronize the rotor speed with the movement of the water 
jet to assure adequate coverage of the surface and com- 
plete action on the deposits. Slowing down the rotor 
serves two purposes: First, it reduces the carryover of 
water into the adjacent duct and gives time for most of 
the water to drip out of the rotor into the passages where 
the washing operation is being conducted. Second, it 
gives time for a substantial quantity of water to reach 
into the deposit in depth and assures the removal of a 
larger amount of it from the surface. A reduction in 
rate of jet movement must follow a reduction in rotor 
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speed, otherwise a spiraling action will be created over 
the heating surface which, in turn, results in incomplete 
washing. 

The basic idea in reducing both rotor speed and jet 
movement is to provide time for the water to work into 
the deposit and to assure that the heating surface is com- 
pletely covered with effective water action. 

Reducing the rotor speed was the subject of some dis- 
cussion in the article of March 1942. Today the same 
means are being used with incidental modifications taking 
advantage of new design features and equipment. In 
other words, an auxiliary air motor, coupled to the main 
drive equipment for the air preheater rotor, serves ade- 
quately to reduce the speed to about '/, rpm. 

Since most cleaning devices are electrically operated, 
it is a simple matter to install a timing device in the cir- 
cuit to energize the motor intermittently with correspond- 
ing action on the washing jet. <A typical wiring diagram 
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to suit the individual requirements of each air preheater 
installation. 

Various nozzle designs have been studied to distribute 
the water more effectively over the heating surface and, 
furthermore to take advantage of certain nozzle charac- 
teristics which would create a washing jet with a high 
degree of scrubbing action. Summing up the experience 
of a number of installations, the conclusion reached in- 
dicates that an ordinary open-end tube of about 1-in. 
pipe size gave about as good results as any of the more 
elaborate nozzle designs. The recommended nozzle for 

yvashing, therefore, conforms to the design illustrated in 
Fig. 15 (September issue, Part II). 

As mentioned earlier, the new cleaning devices were 
easily adapted to the washing operation, and in many 
installations independent piping systems for water and 
steam or air were connected to the device of single- or 
dual-nozzle design. In order to prevent the mixing of 
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Fig. 22—Soda-ash washing arrangement with float-control 


is illustrated in Fig. 17. The timing device provides 
a wide selection of “‘stop’”’ and “start” intervals within a 
total time of five minutes. Continuous operation of the 
cleaning device is possible at any point in the course of 
the jet travel. 

The air preheater rotor is divided into zones, as shown 
in Fig. 18, each zone selected with consideration for the 
variation in deposit density and buildup. As the washing 
operation is completed in each zone, the timing device is 
reset for the next zone. A typical timing schedule might 
be as follows: 


Timer Setting 


On, Off, Rotor Speed 


Zone Sec Min. Rpm Washing Time 
1 18 4 1/4 35 min 
2 i) 3 1 4 hrs 10 min 
3 18 2 1/9 40 min 


Total time one pass 5 hrs 25 min 


The total time for one pass over the heating surface 
varies, depending on the size of the rotor and the timing 
schedule selected. A great deal of flexibility is available 
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water and steam or air, accidentally or through valve 
leakage, a combination single-nozzle device was devel- 
oped as shown in Fig. 19. The swivel head is parti- 
tioned so that separate pipes carry water and steam or air. 
There is no complication in the design or arrangement, 
and, since it positively eliminates a source of concern 
in the mixing of two cleaning mediums, the combination 
cleaning device has been applied as standard equipment 
for installations anticipating washing, in addition to the 
normal cleaning with steam or air. 

This article would not be complete without reference 
to several special washing devices. A unique design 
is illustrated in Fig. 20. It consists of two nozzles on a 
movable pipe positioned directly above the heating sur- 
face. By slowly moving the pipe in and out radially 
the water is distributed over the surface. Three or 
more nozzles can be provided, which causes the design 
to approach the multi-jet arrangement. The more jets 
provided, the shorter the in and out stroke of the nozzle 
pipe. There is the usual problem of distribution of water 
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to each of the nozzles and loss of pressure because of 
several simultaneous discharges. 

Below the heating surface, a movable deflector is ar- 
ranged, serving to direct the wash water into a trough 
from which it is drained externally to a sump or sewer. 
The deflector, being adjustable, is easily moved out of the 
position in which it might influence the flow of flue gases 
through the preheater. 

Another recent development is illustrated in Fig. 21. 
It consists of a partitioned slotted pipe, each section of 
which is supplied with a water connection permitting dis- 
tribution of the water as condition of the heating surface 
indicates necessary. Each section of the pipe is provided 
with a perforated baffle and slot which runs the full length 
of the section. The baffle serves to distribute the water 
uniformly through its perforations and creates a curtain 
of water through the full length of the slot. 

There are other innovations and ideas too numerous 
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of the washing operation is obtained. Washing should 
not be stopped until the effluent shows a pH of at least 
nine. 

With the current practice of basketing the heating 
surface, particularly the cold end where deposits most 
generally accumulate, the recommendation is to wash 
outside the preheater instead of within. In other words, 
remove the basketed surface and wash it in a series of 
vats containing hot alkalized water and rinsing water 
which is also alkalized. In a vertical air preheater this 
will save the hot and intermediate layers of heating sur- 
face by not subjecting them to the acid wash water car- 
ried down from the cold end, if the cold end surface were 
washed while still in the rotor. 


Conclusion 


In closing this phase of the subject of cleaning the 
regenerative-type air preheater, attention might be di- 
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SAMPLING CONNECTION 


Fig. 23—Caustic washing arrangement with feed-pump control 


to mention, but all fall into the general pattern of the 
designs discussed here. They are doing a satisfactory 
job as concerns the immediate application for which 
they were initially designed, but rarely have they been 
adapted universally or been considered satisfactory for 
wide application. 

A question often raised when discussing the matter of 
alkalizing the water is ‘‘How shall it be done?’ Two sug- 
gestions are offered by Figs. 22 and 23, both of which 
have been used with some success. The arrangement of 
the equipment is detailed enough in the illustrations so 
that further description seems hardly necessary. There 
are many other possible ways to provide the treatment, 
one of which is to use a chemical feed pulp with regula- 
tion or control to obtain the desired pH. One point not 
to be overlooked is to maintain close check dn the pH as 
the washing operation progresses. By checking the 
water before it enters the preheater and after it leaves 
as a dirty effluent a good indication on the completeness 
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rected to the fact that, as in the case of steam and air 
blowing, equipment and procedures for washing have un 
dergone some very definite changes in the last ten years. 
These changes are the result of intense interest and de- 
sire to remove deposits more thoroughly, reduce corro- 
sive action, sustain maximum recovery, reduce resistance 
to flow, and increase the present availability of the 
equipment. 


The wide acceptance of the regenerative-type air pre- 
heater on steam-generating units for industrial and cen- 
tral station applications is in a large measure the result of 
the assurance this equipment offers to continuous and 
trouble-free operation under difficult fuel and operating 
conditions. 

The years to follow will disclose new ideals now in the 
process of development. These ideas, applied to the re- 
generative-type air preheater, will serve to support and 
further elevate the efficiency of the equipment. 
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Facts and Figures 
TVA now has eleven steam plants which produce 
nearly half its total output. 
c) 


Natural gas from Texas fields will be available next 


_ year in Toronto, Canada. 





Two gallons of present-day gasoline are said to be equal 
in work energy to three gallons of the 1925 vintage. 


« 

Approximately 14 per cent of the central station elec 
tric generating capacity in the United States is federally 
owned. 

© 

On the average, of every dollar paid by the consumer 
for electricity over 23 cents goes into the payment of 
local, state and federal taxes. 


Some’ seven million tons of coal are employed annually 
by the textile and apparel industries in the manufacture 
of synthetic fibers. 


Atomic power projects now under construction, or 
planned, are expected to use about twenty-three million 
tons of coal yearly when in operation. 


The per capita generation of electricity in the United 
States (central station plus industrial) is at present at 
the rate of approximately 3000 kwhr per year. 


Scientists estimate that the earth’s crust contains 
nearly twice as much nickel as it does copper, zine and 


lead combined. 
* 


Three out of every four oil wells drilled in the United 
States in 1952, were drilled by small companies, individual 
operators or contractors. 


More than 94 per cent of all bituminous coal produced 
in this country is mechanically mined and approximately 
73 per cent is mechanically loaded. 


According to a late EEI Survey, the total capacity of 
all central station generating units on order and sched- 
uled for shipment, as of July 1, 1953, was 27,806,000 kw. 


Of the present total energy requirements of the United 
States (stationary, mobile and residential) about 3/ 
per cent is supplied by coal, 40 per cent by oil, 20 per 
cent by gas and 3 per cent by water power. 
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ASME Meets at Rochester 


HE Fall Meeting of The American Society of 

Mechanical Engineers was held at the Sheraton 

Hotel, Rochester, N. Y., on October 5-7. The 
attendance taxed the capacity of that and several other 
hotels. A diversified program devoted to power, fuels, 
process industries, production, optical instruments and 
materials handling fitted well into the industries of that 
city. There were also the Calvin Rice and the Roy V. 
Wright lectures. Because of space limitations and 
primary reader interest, the following review will be 
devoted mainly to papers dealing with fuels and power. 


Russell Station Operation 


I. G. McChesney of Rochester Gas and Electric Corp. 
provided detailed information on design and operating 
experience at Russell Station. The first unit at this plant 
was of non-reheat design and went into service in Decem- 
ber 1948; the second unit which operates on the reheat 
cycle was placed in operation in 1950; and a third unit, 
also incorporating reheat, is expected to go into service 
later this year.! 

Unit No. 2 which has a rated capacity of 50,000 kw and 
a capability of 67,000 kw operates under throttle condi- 
tions of 1450 psig, 1000 F with reheat to 1000 F. For the 
year 1951 the average heat rate was 9935 and for 1952 it 
was 9990 Btu per kwhr on a net basis. The higher heat 
rate for 1952 was attributed to difficulties with a high- 
pressure heater in which a tube leak developed, neces- 
sitating the cutting out of other high-pressure heaters for 
a period of several weeks. 

Since the plant is located in a residential district along 
Lake Ontario, elimination of nuisances caused by dust 
and noise was of considerable importance. Tests run on 
the electrostatic precipitator of the second unit showed 
an efficiency of 96 per cent at 140 per cent of rated ca- 
pacity, and this rose to a value just in excess of 98 per cent 
at rated capacity. With continuous programmed rap- 
ping, efficiency of the precipitator is above 98 per cent 
in regular operation. In the early stages of operation an 
objectionable noise was discovered at a frequency of 238 
cycles. Investigation disclosed that the forced-draft 
fans were the cause, and by removing the cutoff plates in 
these fans the intensity was reduced by three decibels 
near the source. The ventilator openings of the station 
were modified at the same time, and objectionable noise 
was thereby eliminated at a distance from the plant. 

Precautions were taken to eliminate oxygen and other 
corrosive gases from the feedwater.” Two Kinney dry 
vacuum pumps were specified, each having a capacity of 
4cfm of free air with a suction pressure of one inch of mer- 
cury absolute. Reduction of ammonia in the condenser 
atmosphere was an important consideration in the selec- 
tion of this type of pump. Power requirements are low 
and the pumps have proved satisfactory. ‘ 


_ or a description of the plant and a comparison of the heat cycles, see an 
article by Mr. McChesney which appeared in the December 1948 issue of 
Comiustron. Mr. McChesney’s paper was presented by L. G. Cooley. 

* No deaerators are installed in the feedwater cycles of this station. 
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The boiler feedwater pump is protected from steaming 
at light loads by bypassing the discharge of the pump to 
the condenser. To reduce erosion in the bypass line, a 
tube orifice is installed just downstream of the bypass con- 
trol valve. After a short straight run of pipe the dis- 
charge of the orifice strikes a stainless steel baffle in a 
“T”’ fitting. A side discharge from this fitting connects 
with a straight pipe to the next required bend that is 
similarly fitted with a stainless steel target, and so on 
until the condenser is reached. 


Power and Steam for Eastman Kodak 
Company 


The Kodak Park power system of the Eastman Kodak 
Company involves a total steam capacity of 1,390,000 Ib 
per hr, more than half of which is produced at 800 psig 
by four boilers and the remainder at 260 and 210 psig by 
eleven boilers. The total rated electrical capacity is 
38,900 kw a-c and 3000 kw d-c, which is supplemented by 
a 9000-kw tie-line with the local utility. 

The steam is used for process, heating and electric gen- 
eration, the last being regarded as a by-product, although 
of equal importance with the steam. There is also a large 
refrigeration plant of 28,000 tons capacity which supplies 
brine and chilled water for process purposes, including air 
conditioning. Overall heat balance has been improved by 
employing condensing-turbine drives for the centrifugal 
refrigeration compressors that supply the air conditioning 
load, inasmuch as the air conditioning load occurs at the 
season of the peak in electric load. 

In a rather detailed description of this important in- 
dustrial power set-up, H. A. Decker, power development 
engineer of the Eastman Kodak Company, stated that 
power generation at Kodak Park dates back to 1891 al- 
though ten years previous to that Mr. Eastman had pur- 
chased his first dynamo. 

A most important consideration in a photographic 
manufacturing plant is cleanliness, which necessitates a 
highly efficient air filtering system. The employment of 
stoker firing, for even the latest boilers, in preference to 
pulverized coal, was dictated, not by inability to catch 
fly ash and reduce stack emission to a satisfactory de- 
gree, but by the problem of removing it from the plant. 

Mr. Decker stated that the annual availability factor 
of the 800-psig boilers and turbines is around 95 per cent 
and that for 1952 electric power generation amounted to 
218,384,000 kwhr at an overall heat rate of 7950 Btu per 
kwhr, figured from the coal pile. 


Precautions for Stoker-Fired Boilers 


In a paper entitled “Lighting Off and Starting Up Pre- 
cautions for Stoker-Fired Boilers’ H. W. Andrews of the 
Kodak Park Works of Eastman Kodak Co. told of the 
instructions and procedures for starting up boilers at this 
large industrial power plant. More than 330,000 tons of 
coal are burned annually on underfeed and chain-grate 
stokers. The author gave a detailed account of the 
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written instructions which are issued to the operators. 
There are two types of multiple-retort stokers in the 
plant, each of which has separate instructions. A third 
set of instructions is issued for the chain-grate stokers. 

Four of the boilers equipped with underfeed stokers 
operate at a pressure of 875 psig. During their outage 
and prior to startup the following tests are made: 


1. If there has been any work on pressure parts or if 
gaskets have been replaced, a hydrostatic test is applied 
at a pressure near the safety-valve relieving point. 

2. The air heater is pressure tested for leakage. 
Similarly, the boiler setting, economizer and air-heater 
casing, and air and gas ducts are tested under 2'/2 in. of 
water pressure. 

3. The stoker is operated for several hours applying 
maximum and minimum secondary ram stroke and link 
grate motion at various stoker speeds. 

4. The forced and induced-draft fans are placed in 
operation on the combustion control system and operated 
throughout load range. 


Ignition of coal when starting up has been by a petro- 
leum jelly since 1949. This consists of diesel engine oil 
jellied with aluminum soap and avoids the housekeeping 
problems of maintaining wood storage bins. The petro- 
leum jelly is more effective than wood because of its semi- 
liquid properties in clasping the coal and is less hazardous 
to handle. 

The paper included detailed instructions and a typical 
record schedule for starting up. Mr. Andrews expressed 
the belief that the preparation of following of such in- 
structions has been a major factor in the complete ab- 
sence of accidents during starting up. 


Regenerative Type Air Preheaters 


‘Design and Operation of High Recovery Regenerative 
Air Preheaters’’ was the title of a paper by George 
Braddon and Joseph Waitkus of the Air Preheater Cor- 
poration, which was presented at the first Power Session 
The first part of the paper dealt with features and in- 
herent characteristics of this type and the second part 
was devoted to their operation from the standpoint of re- 
moving deposits* and controlling metal temperature. 

With the low exit gas temperatures currently being 
specified for high-efficiency, high-pressure steam generat- 
ing units, the air preheater is assigned the task of re- 
capturing the major share of the recoverable heat in the 
flue gas leaving the boiler, inasmuch as preheater surface 
costs less than equivalent economizer surface. Further- 
more, highly preheated air contributes to reduced furnace 
volume because it accelerates the combustion process. 

For steam generating units having capacities in excess 
of 300,000 Ib of steam per hour, the usual practice is to 
provide two air preheaters, side by side; and in a few 
cases of very large units three have been employed. 

In counterflow designs, the part where the gas enters 
and the air leaves is termed the “‘hot end”’ and that where 
the air enters and the gas leaves is the ‘“‘cold end.’’ Leak- 
age from the high-pressure air to the lower pressure gas 
in a typical high-recovery regenerative air preheater is of 





? Removal of deposits by washing is fully covered in the series of articles 
by Mr. Waitkus which are concluded in this issue of Comspustion, hence will 
be omitted from this report—EprTor. 
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the order of 8 per cent when the seals are properly set and 
in good condition. 

A balanced-draft application for which about 90 per 
cent of the combustion air passes through the air pre- 
heater would be designed to pass the gas through ap- 
proximately 60 per cent of the rotor areas and the air 
through 40 per cent. For pressure-fired boilers all of the 
combustion air, except that employed for tempering, is 
taken through the preheater. It would be designed to 
pass gas through approximately 55 per cent of the rotor 
area and air through the remaining 45 per cent. 

Under severe operating conditions, notably those 
where oils of high sulfur or high vanadium content are 
burned, the trouble zone may extend beyond the cold 
layer. To cope with such conditions, an intermediate 
layer of heating elements of corrosion-resistant alloy can 
be provided. 

Looking to the future, the authors expressed the hope 
that research may lead to means for removing solid par- 
ticles from the flue gas before they come in contact with 
the surfaces where troublesome deposits collect; also, 
that successful treatments of fuels may be evolved to re- 
move the troublesome constituents. They were of the 
opinion that within the next five years exit gas tempera- 
tures approaching 200 F at full load with fuels that at 
present cause distress may be possible. 


Central Station Coal Handling 


“Coal Handling Facilities for Milliken Station with 
Automatic Remote Control Features’’ was the title of a 
paper by H. C. Schweikart of Gilbert Associates, Inc. 
This station is a part of the New York State Electric & 
Gas Corp. system and is located approximately 15 miles 
north of Ithaca. The initial unit has a rating of 135,000 
kw maximum capability, with throttle conditions of 1800 
psig, 1000 F and 1000 F reheat. When burning an aver- 
age quality bituminous coal originating in western Penn- 
sylvania, Ohio or West Virginia, the steam generator will 
produce 1,000,000 Ib of steam per hour. Four mills are 
provided, but three are capable of meeting requirements 
to pulverize 96,000 lb of fuel per hour having a grindabil- 
ity of 57 Hardgrove and a maximum moisture of five per 
cent. 

As central stations have increased in size, practice im 
designing coal handling equipment has usually been to 
increase the capacities of bunkers, conveyors and feeders 
so as to make possible the usual intermittent, manually 
supervised operation confined to approximately 40 hours 
per week. At Milliken Station it was decided to incor- 
porate some automatic features which would enable the 
reclaiming section of the coal conveying system to operate 
at a reduced rating as nearly continuously as possible. 
As a result of investigations based upon this concept of 
design, it was decided to build a 700-ton bunker within 
the station, and the author believes that this size bunker 
in connection with the continuous automatic reclaiming 
scheme will provide more active storage than a 2000-ton 
bunker incorporated in a conventional coal handling in- 
stallation. 

The bunker will be provided with four bin indicators, 
one above each of the four mills. These indicators will 
cover a range of depth of several feet with remote indica- 
tions on the panelboard in the control room. 
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Coal is received at the plant by rail. For winter opera- 
tion a series of 17 individual thawing pits will be pro- 
vided to handle a group of three cars of any size. Un- 
loading is by means of a car dumper, the hopper of which 
has two outlets each provided with a 450 ton-per-hour 
frozen coal cracker and apron feeder. Both feeders dis- 
charge onto a single 900 ton-per-hour belt conveyor in- 
corporating a hinged boom at the discharge end at the 
yard storage area. This portion of the facilities is oper- 
ated manually on an intermittent schedule. 

Yard storage is made up of an inactive volume of about 
500,000 tons and an active volume of 5100 tons supported 
over four reclaiming hoppers, each incorporating 300 
ton-per-hour remote-controlled feeders. These feeders 
deliver coal to two crushers, and the coal leaving the 
latter can be discharged to either of two 300 ton-per-hour 
belt conveyors equipped with weighing devices. These 
two belts elevate the coal to a transfer point at the station 
where the coal is discharged to two similar belts which in 
turn discharge the coal directly to the bunker. This por- 
tion of the coal handling facilities is intended to operate 
on a continuous basis. 

The purpose of this design is to provide a large active 
outdoor storage capacity that can be drawn upon con- 
tinuously and automatically at a rate to be determined 
from the control room by the station operators. Coal 
delivery to the bunkers is expected to correspond to the 
actual burning rate, except for the last bunker in opera- 
tion, at which point there will be some fluctuation re- 
quiring observation and adjustment of coal flow rate. 


Properties of Residual Petroleum Fuels 


In a paper under the above title, W. Sacks of McGill 
University, listed three types of such fuels as: (1) those 
containing only straight-run residua; (2) those contain- 
ing only cracked residua; and (3) those containing both 
straight-run and cracked residua. They may be re- 
garded as colloidal dispersions of high-molecular-weight 
substances in an oil medium. 

As to their behavior in combustion chambers, the 
process of burning includes evaporation from the droplet 
surface followed by combustion of the vapors at a flame 
front surrounding the droplet, the rate of burning being 
dependent on the heats of combustion and vaporization 
rather than the fuel-vapor pressure. The droplets yield 
coke-like residues on combustion. 

Che major portion of the ash-forming constituents in 
residual fuels are generally vanadium, sodium, iron and 
nickel compounds, although considerable amounts of 
calcium and aluminum compounds may be present. 
Vanadium occurs in relatively high concentrates in fuels 
from Venezuelan, Arabian and certain domestic crudes. 
Moreover, a high vanadium content is usually associated 
with a high sulfur content. 

lhe formation of sulfur trioxide from sulfur dioxide 
on combustion is of considerable importance because of 
acil corrosion by exhaust gases. Vanadium oxide is 
known to be an efficient catalyst in certain industrial 
processes and it has been suggested that such catalytic 
action may occur in burning residual oils. However, one 
investigator found no relation between sulfur-trioxide 
formation in a boiler and the sulfur or vanadium content 
of the fuel. 
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Centrifuging and filtering do not appear to have ap- 
preciable effect on the vanadium compounds, although 
they can be removed by coprecipitation with the asphal- 
tenes using solvents. According to one recent patent, 
asphaltenes in residual fuels may be removed by heating 
with compounds such as antimony trichloride. 

Usually no attempt has been made to remove these 
metallic constituents and serious difficulties have been 
encountered with ash deposition and corrosion in both 
boilers and gas turbines that burn residual oils containing 
sodium and vanadium compounds. 


Turbine Starting and Loading Tests 


The relation between throttle steam temperature and 
that in the stages of the high-pressure section of a reheat 
turbine is the same as in the high-pressure section of a 
non-reheat turbine. The temperature drop in the first 
stage decreases as the load is increased and consequently, 
during a load change, the steam temperature in the 
casing changes faster than throttle temperature. From 
the reheat admission to exhaust, the steam temperature 
in the turbine is a function of only the reheat tempera- 
ture when the turbine is carrying load. At no load and 
light load the exhaust steam temperature rises because 
of large rotation losses in the last stages. Also, because 
of heat added in the reheater, the exhaust steam tem- 
perature is higher in a reheat turbine at no load. The 
exhaust temperature of such a machine is reduced dur- 
ing these conditions by water sprays in the crossover to 
the double-flow section. These are turned on during 
starting before the exhaust hood begins to heat and are 
shut off automatically when five per cent load is reached. 
Spray water is also introduced automatically when the 
unit is tripped or unloaded. 

The foregoing basic statement formed an introduction 
to a paper by E. M. Kratz and R. C. Wiley, both of 
General Electric Company, who reported starting and 
loading tests made on the first 3600-rpm tandem-com- 
pound reheat turbine installed at the Dunkirk Steam 
Station of the Niagara Mohawk Power Corporation. 
This unit has a maximum capability of 100,000 kw and 
operates with steam conditions of 1450 psig, 1000 F at 
the throttle and 1000 F reheat. The high-pressure 
section is of the opposed-flow type with eight stages and 
has a double shell. The object of the test was to obtain 
information on operating characteristics (1) while start- 
ing and loading from turning-gear operation; (2) chang- 
ing load; and (3) during tripping load and reloading. 
Detailed data and curves were incorporated in the 
paper covering each of these conditions. 

The information obtained demonstrated the useful- 
ness of metal temperature measurements to supplement 
other supervisory instruments and showed that maxi- 
mum rates of change in metal temperatures and related 
thermal stresses are dependent upon the type of loading 
and steam temperature changes, as well as average 
values. The following conclusions, as concerns this 
turbine, were given: 

|. After the unit has been off the line for a weekend, 
or less, it can be accelerated from turning-gear operation 
to 3600 rpm as fast as adequate mechanical supervision 
permits. The time at no load is not an important factor 
during subsequent loading. 
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2. After shutdown over a weekend, or less, the unit 
can be loaded at 1500 kw per minute with maximum 
rates of metal temperature rise of less than 500 deg F 
per hour. 

3. Load can be changed 25 per cent of rating in- 
stantaneously and 100 per cent of rating attained at the 
rate of 2000 kw per minute. 

4. In an emergency a load of 100,000 kw can be 
dumped, and reloading should be accomplished as fast 
as dry steam can be supplied. 


ASME Codes and Standards 


Addressing the President’s Luncheon on the first day 
of the meeting, President Frederick S. Blackall, jr., 
discussed ASME codes and standards from the stand- 
point of what they have accomplished. Some idea of 
their widespread influence may be had from the fact 
that they encompass some ninety different fields, and 
approximately three thousand engineers are contribut- 
ing time and effort to more than 350 projects. 

The Boiler Code is the basis of laws enacted by 20 
states and 23 municipalities in this country in addition 
to every one of the Canadian provinces which have 
adopted it in whole or in part. As a result, boiler ex- 
plosions with heavy toll of life and property, which were 
once so commonplace, are now a rarity. Hardly less 
important as a guardian of safety is the ASME Code for 
Unfired Pressure Vessels. 

There is also the ASME Elevator Code which serves as 
a basis for laws covering the installation and operation 
in 17 states. For example, in New York City, with 
close to 22,000 elevators in the Borough of Manhattan, 
according to a report issued a few years ago, 97 per cent 
of all accidents in that year occurred on elevators in- 
stalled prior to 1931, at which time the city adopted its 
first modern elevator code. 

In the field of standards, as affecting design, inter- 
changeability, tolerances, threads, etc., the ASME has 
effected savings to industry of many millions of dollars. 
Also, numerous manuals have been issued pertaining to 
recommended operating practice. 

Closely related to the standards are the ASME Power 
Test Codes and those for Instruments and Apparatus. 

In conclusion, President Blackall observed that ASME 
Codes and Standards save lives and dollars and in the 
process of their development they make better engineers 
of these who observe them. 


The Technical Press 


The annual Calvin W. Rice Lecture was delivered by 
J. Foster Petree, editor of Engineering, London, England, 
whose subject was ‘The Position of the Technical Press 
in Relation to Industry.” 

The speaker defined the principal function of the tech- 
nical press as educational through recording progress 
and current events in the field covered by the particular 
publication; providing informed comment; preparing 
reviews; and giving technical advice when requested. 
The editor, he said, must be conversant with problems of 
the industry served, as well as with technical matters, 
and should be in a position to take definite stands with- 
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the tech. 


out commercial considerations. However, 
nical press is not always appreciated by those who bene- 
fit most. 

The time lag inherent in the preparation and printing 
of textbooks renders many of them out of date by the 
time they are issued, unless they happen to cover basic 
matters. Therefore, readers, particularly practicing 
engineers, must rely upon the technical press in order to 
be kept abreast of current developments. Mr. Petree 
did not regard the technical press and engineering society 
papers and publications as competitive, but rather as 
complementary. He deprecated eye-catching devices 
as a means of attracting reader attention. 

Mr. Petree also stressed the desirability of industrial 
executives personally cooperating with editors of the 
technical press to insure that the latter get the facts 
rather than delegating this function to subordinates 
who either may not be fully informed or who may lack 
authority to give the desired information. 


The Engineer and Natural Resources 


The speaker at the banquet was the Hon. Robert 
Winters, Canadian Minister of Resources and Develop- 
ment, who pointed out that the role of the engineer is 
basically integrated with the development and _ utiliza- 
tion of natural resources. In this connection he dealt 
particularly with Canada, citing that she produces 80 
per cent of the world’s nickel, half of its platinum, two- 
thirds of its asbestos and ranks second in zinc and gold 
output, third in silver and fourth in copper. In addi- 
tion, she produces 30 per cent of the world’s exported 
wood pulp and 80 per cent of the newsprint. 

Whereas in 1946 Canada produced only about 1'/; 
million tons of iron annually, engineering achievements 
will before long raise this figure to about 30 million tons. 

Discovery of oil in Alberta in 1947 has raised the oil 
production from barely 10 per cent of Canada’s needs of 
less than ten years ago to at least a third of her present 
requirements; and with further development of oil fields 
in the Northwest and Yukon region she should be able 
to meet all her needs and perhaps be able to export some 
oil. 

A huge aluminum undertaking in the North Coastal 
Mountains of British Columbia involving a number of 
large lakes and rivers and a ten-mile tunnel for hydro 
power with a 50-mile transmission line to Kitimat will 
lead to the production of some 500,000 metric tons of 
aluminum a year. This together with the Arvida project 
in the Province of Quebec will exceed the total output 
of this metal in the United States. 

Furthermore in the 12 yr following the outbreak of 
World War II Canadian hydroelectric capacity increased 
60 per cent. Her known potential hydro capacity is 
estimated at 66 million horsepower which includes over 
8 million developable in the Yukon River Basin, the 
Hamilton River system in Labrador and her share of the 
2'/, million horsepower at International Rapids on the 
St. Lawrence. 

In conclusion, Mr. Winters referred to the broadened 
functions of the engineer and mentioned that there is 
now urgent need for at least an additional 2000 young 
engineers in Canada. 
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German Power Plant Operates 
at 1130 F’ 


A topping unit in the industrial power plant of Farbenfabriken 


Bayer at Leverkusen near Cologne, Germany, has been in service 


for some time with a superheater outlet steam temperature of 
1130 F. The entire August 21 issue of Zeitschrift des Vereines 
Deutscher Ingenieure was devoted to this pioneering installation. 


The accompanying digest tells something of the plant design 


as well as the materials used in the Benson boiler, the radial 


turbine and the main steam piping. Reference is made to feed- 


water treatment and to boiler operating experience. After 


10,000 hr of operation no boiler failures have been reported. 


INCE power on topping units can 

be generated with a heat rate of 
1000 to 4800 Btu per kwhr operators of 
German industrial plants are especially 
interested in making use of high steam 
temperatures and pressures. Available 
topping power with a given back pres- 
sure is largely a function of primary 
steam pressure up to about 2000 psig. 
Above this point the primary steam 
temperature becomes the dominant fac- 
tor for additional topping power. Use 
of reheat also makes power available 
when steam temperatures increase, 

At the plant of Farbenfabriken Bayer 
in Leverkusen it was decided to use the 
straight-through regenerative cycle with 
with an initial temperature of 1130 F 
rather than to employ reheat at a lower 
temperature. The topping turbine, 
supplied by a boiler having a capacity 
of 275,000 Ib of steam per hour at 2270 
psig and 1130 F, operates on a back 
pressure of 426 psig. Steam is ex- 
hausted to an existing low-pressure 
turbine working against a back pressure 
of 85 psig. Electrical output of the 
two turbine generators is 19,400 kw. 
For the most part the plant operates on 
base load; at partial loads the primary 
Steam temperature is lowered to keep 
the topping turbine exhaust tempera 
ture constant. 


Steam Generating Unit 


\ Benson-type boiler was selected for 
the installation, one reason for the choice 
being that steam temperature can be 
lowered in a matter of minutes for con 
tinuous load without changing heating 
Surfaces. The unit is fired tangentially 
by two mills when using bituminous coal 
or by three mills when dried brown coal 
istused. The furnace is of the wet bot 
tom type and is designed for a heat re 
lease rate of 22,500 Btu per cu ft per 
hour and 1.36 X 10° Btu per sq ft of 
plain sectional area per hour. Both a 
Liungstrom preheater and a plate-type 





Digest prepared from a translation by W. W 


Schroedter. 
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air heater are installed, raising the in- 
coming air temperature to 750 F. The 
feedwater enters the economizer at 390 
F, passes through the slag bottom and 
the lower furnace walls and then flows 
through sections of the transition zone 
(evaporator), the support tubing of 
that surface and on to the first radiant 
superheater located around the middle 
part of the furnace. At this point there 
is water injection for temperature con- 
trol. The steam continues through the 
furnace screen into the rear and front 
walls of the second radiant superheater 
covering the upper part of the furnace. 
Ferritic materials are used exclusively 
up to this section, but all following sur- 
faces require high-alloy materials. After 
going through the side walls of the 
second radiant superheater and passing 
the second injection desuperheater the 
steam enters the final convection super- 
heater. 


Main Steam Piping 


The main steam piping from the 
superheater outlet to the turbine is 
made up of a group of 28 2'/, in. OD 
tubes with 0.475 in. wall thickness. 
This type of construction was adopted 
instead of a single main steam lead be 
cause of lack of experience with materi- 
als at the existing steam conditions of 
2270 psig and 1130 F. At one point 
between the boiler and the turbine inlet, 
these tubes are collected into a common 
header forged from austenitic material 
with an inside diameter of 6°/, in. and a 
maximum wall thickness of a little more 
than 2'/, in. This header carries the 
safety valves and the turbine screen, 
and the intercept valve is welded to its 
front end. From this point the steam 
is carried again in subdivided tubing to 
the four turbine throttle valves, four 
tubes being connected to each turbine 
nozzle group by a transition piece 
forged and machined from _ solid 
material. 

A single-flow radial-type turbine was 
selected. The housing is of ferritic cast 


steel since the steam temperature drops 
to 1000 F after the first stage. Strength 
was maintained with heavy wall thick- 
ness, and the problem of scaling in con 
tact with high temperature steam was 
eliminated by calorizing the inside sur 
face where required. After passing the 
intercept and throttling valves pre- 
viously mentioned, the steam is ad- 
mitted to the turbine at 1110 F by four 
nozzles, all of which are of austenitic 
material. The first velocity stage and 
the following four impulse stages have 
austenitic blades. By this time the 
steam temperature has dropped below 
965 F and from this point on the usual 
ferritic materials are used. 


Turbine Materials 


The largest forged block of the turbine 
has a finished weight of 1450 Ib and is 
made of steel having a composition of 
16 per cent chromium, 13 per cent 
nickel, 1.1 per cent manganese and | per 
cent tantalum. For materials to be 
welded the nickel content was increased 
to 22 per cent, with 1.4 per cent molyb 
denum and 0.7 per cent vanadium. 
For bolts and valve spindles, the steel 
contains 15 per cent chromium, 35 per 
cent nickel with 25 per cent columbium 
and about 5 per cent each of molyb- 
denum and tungsten. This material 
has shown excellent results so far. 


Boiler and Piping Materials 


In the steam generator the low alloy 
steel with 0.85 per cent chromium and 
0.45 per cent molybdenum has suff- 
cient strength and heat-resisting quali- 
ties up to a limit of approximately 1026 
F, which corresponds to a superheater 
steam temperature of about 950-960 
F. Among the large number of austen- 
itic steels under consideration for tem 
peratures above 975 F, 16 per cent 
chromium and 13 per cent nickel colum- 
bium-stabilized material was selected as 
most suitable. It was employed in the 
high-temperature superheaters and the 
main steam piping. The maximum 
tube temperature of about 1215 F rep- 
resented the technical and economical 
limit at the time of the design. 

With only 11 per cent of the heat sup- 
plied to the steam being in the range of 
above 980 F, the quantities of high alloy 
steel required for the boiler main steam 
piping and turbine amount to not more 
than 2 per cent of the steel requirements. 


Boiler Shutdown 


In order to reduce the hazard of high- 
temperature gradients in shutting down 
the steam generating unit, a special 
shutdown line is used in addition to the 
startup line. This shutdown line is 
connected to the unit between the tran- 
sition zone (evaporator) and the super- 
heater. With it the furnace walls, 
which might be heated by accumulated 
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slag after the fire is cut off, are cooled. 
At the same time the superbeaters and 
steain piping remain filled with stagnant 
steam and cool much slower. 


Water Treatment 


A series of tests was conducted to in- 
vestigate the scaling behavior of ferritic 
and austenitic steels in contact with 
steam. These showed that austenitic 
materials stood up far better at 1290 F 
than ferritic material at 1020 F and that 
the addition of ammonia did not ma- 
terially alter the results. When salts, 
especially those of sodium, were added 
to the steam, the corrosion rate in- 
creased considerably. Therefore, every 
effort was made to reduce the salt con- 
tent of the feedwater. The makeup is 
obtained from a two-stage evaporator, 
and the solids in the primary circuit of 
the boiler are kept to about 0.15 ppm. 
This is continuously measured by sev- 
eral conductivity testing devices and 
by two special flame photometers. 
About 0.5 ppm of hydrazine hydrate is 
added for chemical deaeration and 0.2 
ppm of ammonia for alkalinity control. 


Performance of Materials 


After an operating period of more 
than 10,000 hr no failures have yet oc- 
curred in the steam generator. Super- 
heater material removed after 6400 hr 
showed no discernible damage inside or 
outside. Some specimens showed a 
tendency to grain decomposition which 
is a result of insufficient decarbonization 
following manufacturing. 


Operating Experience 

The steam generator has shown no 
difficulties which are connected with 
high-temperature operation. High effi- 
ciency has been attained in part by the 
use of fly-ash reinjection and mainte- 
nance of an exit gas temperature of 300 F. 
The slagging bottom is performing 
satisfactorily, giving fluid ash flow down 
to about 60 per cent partial load. 

The turbine has operated 7000 hr with 
a performance somewhat less _satis- 
factory than that of the boiler. The 
engine efficiency of the turbine is at the 
lower limit of values to be expected for 
topping turbines with low volume flow, 
though in line with those offered by 
manufacturers when it was ordered. 
The fact remains that the thermal head 
produced from a large financial invest- 
ment is not used very effectively. An 
increase of turbine efficiency from 70 to 
80 per cent would produce as much ad- 
ditional power as the increase in steam 
temperature from 930 to 1110 F. 

It is difficult to give figures on the 
economics of the increase in steam tem- 
peratures because of the shifting of 
prices during the construction period. 
For a balanced price level as experi- 
enced during the summer of 1950, the 
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additional costs would have been 
covered by the increased efficiency after 
about 11,000 hr of operation. 

No final conclusions on the long-term 
behavior of the materials and the sound- 
ness of the design are yet possible. The 
austenitic material with 16 per cent 
chromium and 13 per cent nickel has 
certainly shown its merits and would be 
used again on another unit. Develop- 
ments in new turbine steels have been 
pushed ahead and would now permit a 
steam temperature of 1200 F for the 
same turbine design. To advance steam 
conditions still further requires caution 
because of the corrosive effects of salts 
in the steam. It remains to be seen if 
the steam purity which can be reached 
practically and economically in con- 
tinuous operation is sufficiently safe for 
further advances. 


Survey Reveals Top 
Moneymakers in Engineering 


Chemical engineers, engineers holding 
executive administrative positions and 
those engaged in contracting work are 
the top moneymakers of the engineering 
profession today. The basis for this 
finding is a recently completed salary 
and income survey conducted by a 
special committee of the National 
Society of Professional Engineers. 

In the salary statistics compiled 
according to the specialized branches of 
engineering, it was revealed that the 
median annual income of the chemical 
engineers was $8910. For mining and 
metallurgical engineers it was $8730; 
for mechanical engineers, $8250; for 
electrical engineers, $7940; and for civil 
engineers, $7390. One of the reasons 
that civil engineers earn less than their 
colleagues in other specialties, the 
committee reported, is the fact that 
many of them work for government 
agencies, usually at the state or county 
level, which is a less remunerative field 
of employment than private industry or 
public utilities. 

The median income for professional 
engineers holding executive-administra- 
tive positions, the highest paid men 
according to type of work performed, 
was reported as $9930. The median in 
sales work was $8370; in research and 
development it was $7390; in design, 
$7160; and in production, $6960. 

When the engineers were classified by 
field of employment, the survey showed 
the median income of those working as 
contractors to be $9920. The figure for 
private practitioners was $9690; for 
industry employees, $8420; and for 
those in the field of education, $7590. 

The survey, which covered more than 
12,000 members of the National Society 
of Professional Engineers, indicated an 
overall median figure of $7850. The 
highest area median reported was 





$8630 for the Northeastern States 
while the median salary in the Central 
States was $7710. Ninety per cent of 
the engineers replying to the salar, 
questionnaire earned at least $5120. 
Twenty-five per cent earned at least 
$10,980, and ten per cent earned at least 
$17,190. 

Of those who supplied the basic data, 
42 per cent were civil engineers, 27 per 
cent were mechanical engineers and |S 
per cent were electrical engineers. The 
survey covered the engineers’ incomes 
for 1952, the latest full calendar year for 
which statistics can be supplied. 

The complete report has just been 
published in a 28-page booklet that in- 
cludes detailed statistics and charts on 
geographic distribution, year of entry 
into the profession, types of employers, 
branches of the profession, type of work 
performed, earnings by years of experi- 
ence, earnings according to grades, 
regional variations and other data. It 
is available from the National Society of 
Professional Engineers, 1121 Fifteenth 
Street, N. W., Washington 5, D. C. 





Personals 











L. E. Morrow, executive assistant of 
the Rockland Light and Power Co., 
Nyack, N. Y., has been elected a vice 
president of that company with which 
he has been associated since 1931. 

Elmer Kaiser who first engaged 
in coal research at Battelle in 1935 
has recently been made associate 
director of research for Bituminous 
Coal Research, Inc. 

Herbert G. Johnson has been 
elected vice president in charge of 
sales of The Kuljian Corporation, 
Philadelphia engineers and construc- 
tors. 

James L. Corcoran has joined the 
Crosby Steam Gage & Valve Co. and 
The Ashton Valve Co. as director of 
engineering. He has been identified 
with safety valve engineering since 
1934. 

William F. Lange has been ap- 
pointed to the position of assistant 
chief engineer of the Peabody Engi- 
neering Corp. which organization he 
joined in 1946 as a design engineer in 
the application of high pressures in 
the combustion of fuel oils. 

Justin J. McCarthy has been ap- 
pointed manager of the Philadelphia 
district sales office of Cochrane Cor- 
poration. 

George F. Greene has been ap- 
pointed assistant manager of the 
Service & Erection Department, in 
charge of erection, for Combustion 
Engineering, Inc. He succeeds the 
late James McDonnell. 
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Sulfuric Acid Formation in 
Flue Gases 


My attention has been drawn to an 
article by Professor Torsten Widell of 
Stockholm on the above subject in 
your June 1953 issue, in which he 
reaches the conclusion, by a process of 
calculation, that the sulfur trioxide in 
flue gases is formed mainly in the flame 
at a temperature exceeding 1000 C. 

Without going into the validity of the 
very questionable assumptions on which 
this article is based, may I point out 
that this explanation for the sulfur tri 
oxide in flue gases, now recognized as a 
fundamental cause of external corrosion 
and deposits in boiler plants which, as 
you remark, is a very pressing problem 
throughout the world, cannot be rec 
onciled with observed facts from operat 
ing plants. 

Those of us who have had long ex 
perience in the manufacture and opera 
tion of such equipment know that: 

1. Serious troubles with air-heater 
blockage and corrosion, and with boiler 
deposits, are comparatively recent in 
origin, having descended upon boiler 
plants with increasing severity only 
during the last twenty years. During 
this time plants which have been affected 
have suffered no fundamental change 
in their combustion equipment. 
Many boilers in this country which 
were built before this time are immune 
from such troubles or are less affected 
than their modern counterparts when 
burning the same fuel by similar means. 

2. Twin-stoker-fired boilers in which 
the combustion equipment, furnace de 
sign, fuel and air conditions are all 
identical, will develop more air-heater 
corrosion and blockage on one side 
than the other and show a consistent 
and marked difference in the life of the 
air heaters serving each side, over many 
years of operation. This effect has 
been found in cases where the primary 
superheater is arranged at one side of 
the unit and the secondary super- 
heater at the other, the worst corrosion 
occurring in the air heater which is in 
line with the highest temperature super 
heater. 

3. Boilers with identical stokers, 
furnaces, economizers and air heaters, 
burning the same fuel, will exhibit more 
serious economizer troubles on those 
which are equipped with reheat sec- 
tions than on the units without reheat. 

!. Boilers will operate without air- 
heater blockage or corrosion for a period 
of over a year or more and then develop 
serious trouble which afterwards per- 
sists; while with other units serious 
difficulties with acid condensation and 
air-heater blockage will occur as soon 
as they are placed in commission, but 
this will sometimes diminish and be- 
come tolerable without any modification 


(Continued on page 63) 
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A HILLS-mcCANNA 
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STANDARD 
1, 2, 3 or 4 FEED 
UNITS 


Standard “U” Pumps are 
available in maximum ca- 
pacities from 0.10 to 24.0 
gal. per hr. per feed. Oper- 
ating pressures from 125 
to 5000 psi. 


JACKETED 
UNITS 


For handling materials 
that require heat or re- 
frigeration, “U" Pumps 
can be supplied with 
either or both jacketed 
liquid ends and check 
valves. 


eee 


VARIABLE 
SPEED UNITS 
“U" Pumps can be fur- 
nished with a variable 
speed drive which per- 
mits varying capacity re- 
motely or automatically 
when combined with the 
proper auxiliary equip- 

ment. 


Write for Catalog: 


Catalog UP-52R gives full data on all sizes and 
types of Hills-McCanna “U” Type Pumps. Write 
for a copy, today. Hills-McCanna Co., 2468-W. 
Nelson St., Chicago 18, Ill. 
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MOLDIT ‘CASTABLES 


in ash hoppers 


A large power plant had to repair a number of ash hoppers, 
remove spalled and shaled fire brick and replace with new material. 
Estimated cost—$30,000, plus considerable boiler outage. But R & I 
recommended thorough raking out, cleaning and wetting down of 
all broken, spalled and eroded areas, and the holes and openings 
filled and plastered with Moldit-D Refractory Cement to a smooth, 
level surface. This was done more than 10 years ago. Today the 
Moldit-D refractory is still in place, withstanding hard usage and 
frequent, large quantity cold water quenchings of the hot ash. All 
this at about one-fourth the estimated cost! 


Heavy repairs to ash hoppers with prolonged shut-downs used 
to cost another large power plant many thousands of dollars until 
they tried Moldit-D. As a result, maintaining these hoppers of eight 
500,000-lb. stoker-fired boilers as well as a number of smaller boilers 
has been cut about 90% a year. 


The Moldit-D linings installed eleven years ago in ash hoppers 
of two 800,000-Ib. pulverized fuel boilers are still going strong. Not 
a single repair has been necessary! The original application was 
made on the walls and ends of the hoppers, at a cost of a few cents 
per pound, plus very little labor. Figure this out in terms of labor 
and material for equivalent fire brick lining including the cost of 
maintaining and repairing it for eleven years. It would be staggering! 


The Moldit success story is endless—wherever 
refractory linings are used. There’s a Moldit 
Cement for every castable refractory need. 


Pour (t—Gun lt—Trowel lt—MOLDIT 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
‘ INSULATING BLOCK, BLANKETS AND CEMENTS 





124 WALL STREET © NEW YORK 5,N.Y. 
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NATIONAL AIROIL 


Oil Burners 


OF THE STEAM AND 
MECHANICAL TYPES 
NOW COMBINED INTO 


Dual Stage 
BURNERS 


Now, at last, the inherent advan- 
tages of both systems of fuel oil 
atomization are profitably yours . . . 
within the one, new NATIONAL 
AIROIL Dual Stage Burner. 


41 years of combustion equipment 
design and manufacture are in back 
of the Dual Stage Oil Burner .. . 
and, it has been thoroughly tested 
and proved in the field for firing: 
Petroleum Processing Heaters; Ro- 
tary Kilns; H.R.T., Scotch Marine 
and Water Tube Boilers; etc. 


Available in three sizes, the 
NATIONAL AIROIL Dual Stage 
Burner fires all grades of fuel oil 
from No. 2 to No. 6, with a ready 
capacity of 80 to 300 g.p.h. Fur- 
ther, for a perfect flame pattern, we 
would recommend using with the 
Dual Stage Burner either the 
NATIONAL AIROIL Universal 
Register for forced draft or, the 
NATIONAL AIROIL Tandem Unit 
for natural or induced draft fur- 
naces. 


Get detailed description, illustra- 
tion, and specifications in 


NATIONAL AIROIL Bulletin 25. 


OIL BURNERS and GAS BURNERS for 
industrial power, process and heating 
purposes 

STEAM ATOMIZING OIL BURNERS 

MOTOR-DRIVEN ROTARY OIL BURNERS 

MECHANICAL PRESSURE ATOMIZING 
OIL BURNERS 

LOW AIR PRESSURE OIL BURNERS 

AUTOMATIC OJL BURNERS, for small 
process furnaces and heating plants 

GAS BURNERS 

COMBINATION GAS & OIL BURNERS 

FUEL OIL HEATER 

FUEL OIL PUMPING and HEATING UNITS 

FURNACE RELIEF DOORS 

AIR INTAKE DOORS 

OBSERVATION PORTS 

SPECIAL REFRACTORY SHAPES 


NATIONAL AIROIL 
BURNER COMPANY, INC. 


1310 East Sedgley Ave., Philadelphia 34, Pa. 
Southwestern Division: 2512 So. Blvd., Houston 6, Tex. 





October 1953—-C OMBUSTION 





be 


co 


W 
OX 
of 


pl 


ch 


lis 
bi 








Ss 


. oo; T eeth Te te Ff 


ww 


IL 
iC. 


}, Pa. 
» Tex. 


ON 








being made to the fuel or combustion 
conditions. 

[he theory advanced by Professor 
Widell and others that the sulfur tri 
oxide formation is an inherent feature 
of the conbustion process cannot ex 
plain these well-established facts. 

[The laws of nature governing the 
formation of sulfur trioxide have not 
changed in the twenty years or so dur 
ing which these troubles have developed ; 
neither can they change during the 
operating life of a boiler. Other factors 
must be taken into account if the true 
cause of this occurrence is to be de 
termined and the difficulties removed. 

W. F. HAaRLow 
Special Director 
International Combustion, Ltd. 
Derby, England 





New Equipment 








Oxygen and Combustibles Analyzer 


Bailey Meter Co., 1050 Ivanhoe Road, 
Cleveland 10, Ohio, has developed a 
combination oxygen and combustibles 
analyzer which provides vital operating 
information on combustion performance 
This gas analyzer is capable of saving 
fuel, especially where multi-fuels or 
fuels of varying composition are fired, 
and acts as a safety guide to prevent the 
lighting off of unpurged, gas-fired com- 
bustion chambers. Analyses of per cent 


OXYGEN AND 
COMBUSTIBLES PpowEeR 
ANALYZER SUPPLY 








ELECTRIC 
SIGNALS 








OXYGEN AND 
HYDROGEN COMBUSTIBLES 


FUEL INDICATOR- 
ELECTRICALLY RECORDER 
HEATED FILTER 
7 POWER 
SUPPLY 


oxygen (an index of excess air) and per 
cent combustible (an index of fuel-air 
mixing performance) are offered for the 
first time in a single, compact unit. 
The gas analyzer and its recorder indi- 
cate or automatically control the neces- 
sary adjustments required to maintain 
maximum combustion efficiency within 
combustion equipment limitations. It 
has the following characteristics: mini- 
mum range, 0-5 per cent; maximum 
range, 0-25 per cent; uses compressed 
air and hydrogen for catalytic combus- 
tion; noble metal filaments with thermal 
conductivity compensators are part of 
null balance bridges; accurate within 
+().25 per cent by volume of oxygen and 
combustibles contents in sample. 
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elaware Power & Light 


specifies 





Like many progressive utilities, Delaware Power & Light 
Company selected Richardson Automatic Coal Scales 
to maintain a constant check on boiler efficiency in 
their new generating station. The bank of Richardson 
Model 39’s shown now handles this responsibility. 

. 





To both industrial and utility power generating stations, 
specifying Richardson means — 


@ A 24" x 24” inlet opening and 26” wide belt for 
maximum coal flowability. 

All wiring and controls outside coal chamber. 
Access doors which will not spill dust on floor 
when opened. 

Beam ratio test facilities outside coal chamber. 
Gravity operated by-pass, with no restriction of 
coal flow to downspout. 

No drag links or wires attached to weigh hopper. 
Nationwide after-delivery service. 


Latest development in the 39 Series of Richardson 
Automatic Coal Scales is the Model H-39 shown 
below. May we send you our new 16-page engineer- 
ing data book on the H-39 Coal Scale (Bulletin 
0352), without cost or obligation? 


RICHARDSON SCALE COMPANY : Clifton, New Jersey 


Atlanta © Buffalo © Boston © Chicago °* Detroit * Houston 
Minneapolis * New York *© Omaha °* Philadelphia °* Pittsburgh 
San Francisco * Wichita * Montreal * Toronto 


® 9780 
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to help you guard against 


e 
eh 
/ Water Level Hazards 


You can avoid liquid level troubles in steam boilers up to 250 psi with 
this new alarm-actuating device and fuel cutoff. Micro-switches are 
operated by permanent magnets attracted to armatures which move with 
the varying water level. Accurate settings to fit your boiler conditions 
assure positive warning, and fuel cutoff where required. Cataloged 
as ““EA-11”, this Levalarm is made in three styles to suit your need: 


EA-112 operates an electrical alarm for high or low water level. 


EA-113 operates alarms for high or low levels and cuts off fuel when 
water is low. 


EA-114 operates alarms for high or low water and cuts off fuel when 
water is either too high or too low. 


Installed in a dependable Reliance float-operated Alarm Water Column, 
EA-11 Levalarm gives you a sensitive efficient compact device for safer 
supervision of water levels. Two- 
light and three-light Indicators, and 
Vibratory Horns, illustrated at left 
are available from Reliance. Full 
wiring instructions are supplied 
for connecting one or more alarm 
devices to the Levalarm. Write for 
full information — or call your 
Reliance Representative. 


THE RELIANCE GAUGE COLUMN CO. 5902 Carnegie Ave., Cleveland 3, Ohio 


' 





—— 
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Flowmeter 


A flowmeter of the electronic type 
which makes use of mercury-less bellows 
type transmitters has been announced 
by the Hays Corp., Michigan City, Ind. 
This meter is available in several differ- 
ent models for indicating, recording and 
with a continuous tvpe mechanical 
integrator or combinations thereof for 
measurement of the flow of fluids such 
as steam, water and other fluids and 
gases. Records of air flow for boiler 
operation and pressures and tempera- 





tures can be combined in the same meter. 
The differential pressure transmitters 
used with the meter are of the metallic 
bellows, rupture-proof type for differ 
entials of from 20 to 750 in. water with a 
standard static operating pressure of 
1500 psig. Higher pressure ratings can 
be supplied if required. The meter is 
also available for the measurement of 
liquid level in an enclosed vessel such as 
a boiler drum. An electronic amplifier 
in the circuit of the meter assures maxi 
mum sensitivity and a great speed of 
response. 


Packaged Dust Collector 


A package smoke and fume control 
unit has been developed by Robert PF. 
Moyer Associates, Catasauqua, Penna. 
The unit incorporates dry dust collec- 
tion, odor removing catalyst and scrub 
bing equipment complete with induced 
draft fan and water pumping equipment, 
all integrally connected. Removal of 
dust concentrations up to 100 grains per 
cu ft of gas can be expected for the unit, 
which uses a catalyst arrangement to 
remove odors produced by burning 
rubber, refuse, etc., and a scrubber that 
also reduces the exit temperature. The 
unit can be supplied in various sizes and 
can be adapted to existing or standard 
equipment. 
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Recording Turbidimeter 


A new recording turbidimeter, which 
continuously and automatically meas 
ures and permanently records the num 
ber of particles suspended in liquids, has 
been announced by the General Electric 
Company's Special Products Section, 
Schenectady 5, N. Y. It can be used 
with an audible or visible alarm and 
provides readily available turbidity 
measurements for monitoring and con 
trolling. Specific applications include 
chemical and paper plants; monitoring 
of wastes dumped into streams and lakes 
to guard against pollution; water treat 
ment plants where turbidity of incoming 
water determines the amount of floccu 
lation chemicals to be added; detection 
of oil contamination in boiler feedwater; 





soil erosion studies; and in any process 
where filter effectiveness must be con 
stantly monitored. The theory of opera 
tion is that if a liquid has no suspended 
particles, all light is transmitted while 
none is scattered so that the ratio of 
scattered to transmitted light is zero 
As turbidity increases more light is 
scattered, less transmitted and the ratio 
increases. The turbidimeter’s detecting 
element is a single photovoltaic cell 
with current output proportional to the 
amount of light falling upon it. The 
light ratio is determined by computing 
the voltage output of the photo cell 
when scattered light and then trans 
mitted light are incident upon it. 


Remote Reading Gage 


A convex scale Jerguson Truscale 
Remote Reading Gage is announced by 
lerguson Gage & Valve Co., 80 Fells 
way, Sommerville, Mass. The new 
seale permits full 180 deg visibility so 
it is possible to read the liquid level 
lrom anywhere in the control room from 
which the gage cover can be seen. It is 
designed so that readings of the liquid 
level can be instantly taken from the 
front, or either side, without distortion. 
Scale markings are directly on the con- 
vex face. Indicator goes clear around 
the convex surface. 
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Another Beaumont Birch 


Ash Handling Installation 


Discharge end section of 
a flooded hopper for 
Beaumont hydraulic sys- 
tem showing rugged sup- 
porting structure and 
circular protected obser- 
vation ports of special 
heat resistant glass. 


Why BEAUMONT BIRCH Hydraulic Ash 






Handling Systems Assure You 





Reliable, Efficient Seruice 


In every detail of Beaumont 
Hydraulic Ash Handling Systems, 
you'll find they’re designed for 
practical considerations of boiler 
efficiency, operating safety, mini- 
mum man-hour attention and 
minimum maintenance. 

For example, on flooded hop- 
pers beneath pulverized coal fired 
boilers, costly shut downs are 
never necessary when water jet 
nozzles in the ash hopper require 
replacing. They are easily and 
safely replaced while the boiler is 
in operation . . . the rugged sluice 
gate and operating cylinder are 
mounted on a single casting, com- 
pletely shop assembled. This 
assures perfect alignment of 
cylinder for long uninterrupted 
service. 

On flooded hoppers, operators 
are always protected at observa- 
tion ports by special glass resist- 
ant to thermal shock, in addition 
to a protecting metal guard. Built- 
in spray washers keep all observa- 


Lee 





DESIGNERS — MANUFACTURERS 


tion ports clean and free from 
dirt and fog. 

These and many other points, 
such as, sluiceways, sumps, de- 
watering bins, flyash handling 
systems and other supplemental 
equipment are only a small part 
of the attention to details that 
are characteristic of Beaumont 
Birch Systems. 

Power and Consulting Engi- 
neers specify Beaumont Birch 
Hydraulic Ash Handling Equip- 
ment because they are assured of 
design, engineering and construc- 
tion to exacting specifications! 

Beaumont’s background of over 
fifty years in the design and 
manufacture of ash handling 
systems gives you long service life 
with a minimum of maintenance. 

For complete details of the 
many efficiency and economy fea- 
tures of Beaumont Hydraulic Ash 
Handling Systems, call in a Beau- 
mont Birch engineer or write 
direct. 






BULK MATERIAL HANDLING SYSTEMS 





BIRCH COMPANY 


1506 RACE STREET, PHILADELPHIA 2, PA. 
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Modern Design for tte 


MODERN COAL 






The Fairmont Coal Bureau h 
small industrial steam plant. 


costs, while teaturing: 








Fairmont Pittsburgh Seam Coal is the MODERN COAL, 


inherently favorable mining conditions guar 


as made available to consulting engi- 


neers and equipment manufacturers a TYPICAL DESIGN for the 


Prepared as a guide to good engi- 


neering it achieves maximum economy of investment and engineering 


@ Fuel flexibility 
@ High efficiency 
@ Low fuel costs 
@ Minimum labor requirements 


@ Cleanliness, Automaticity, Reliability 


Enormous reserves and 
antee ample supply and low production 


cost. Modern mining and preparation facilities assure uniform quality. 


Fairmont Coal Bureau engineers are freely 
combustion problems. Write for Technical 
publications. 


, available to help you solve fuel and 
Reference Bulletins and other valuable 


FAIRMONT COAL BUREAU 


Dept. OC, 122 East 42nd St., New York 17, N. Y. 





Two heaters and two pumps 
driven—in one set with 


1. Completely automatic opera- 
tion with temperature and pres- 
sure regulation. 

2. All essential equipment —in- 
cluding safety valves as needed 
—in One compact unit. 

3. Individually designed to meet 
the specific needs of the power 
plant. 

4. All parts visible and access- 


. 7 - a " i : ay 7 er 


i 
‘ 


—one steam, one electric 
these six features: 


ible for easy operation, mainte- 
nance and repair. 


5. Pumps run at moderate speed. 
Heaters designed to give the cor- 
rect viscosity and velocity with- 
out fouling. 


6. Cleaner boiler room .. . all 
overflows connected to a com- 
mon outlet, flanged drip pan for 
pumps catches oil drip. 


— 


‘COMPANY 





75 WEST STREET, NEW YORK 6, N.Y. 


IN CANADA: ROCK UTILITIES LTD., 80 JE 


oe se nti 


AN TALON ST. W., MONTREAL, P. Q. | 
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New Catalogs 


and Bulletins 


Any of these may be secured by writing 
Combustion Publishing Company, 200 
Madison Avenue, New York 16, N. Y. 











Pyrometer Supplies 


Pyrometer supplies are illustrated and 
described in the newly revised Buyers 
Guide, 100-5, prepared by Minneapolis 
Honeywell Regulator Co. All general 
thermocouple assemblies and compo 
nents are listed, as well as many special 
purpose items. Prices and several pa- 
ges on selection, care and application of 
thermocouples round out this 48-page 
catalog. 


Gas Analysis Apparatus 


A 48-page catalog published by the 
Burrell Corp. lists and describes equip 
ment and accessories for gas analysis. 
The new publication, designated as No 
81, lists many different models and types 
of apparatus and offers aid for their 
proper selection. All major items are 
described in detail and are clearly 
priced. Five pages are devoted to an 
offering of laboratory models of gas an- 
alyzers which include Burrell's build-up 
design as well as cabinet models. An- 
other section of ten pages describes 
seven different portable types. 


Air Valves 


To describe the functions of their 
Type AV combination air release and 
air inlet valve, a 4-page bulletin, No. 
1203, has been prepared by the Simplex 
Valve and MeterCompany. This valve 
was designed for the specific purpose of 
providing a small unit having the func- 
tions of releasing automatically air ac- 
cumulations from systems, admitting 
air to systems for the purpose of break- 
ing vacuums within them, and venting 
large quantities of air when filling sys- 
tems with water. Pictures of the valve 
in closed and open positions, general de 
scription of the unit, discharge capaci 
ties, uses, weights and dimensions are 
listed. 


Motor Starters 


Features of Allis-Chalmers Type H 
starters built to control squirrel-cage, 
synchronous, wound-rotor and multi 
speed motors in ratings from 2200 to 
5000 volts are described in a new 12-page 
bulletin, No. 14B6410B, released by 
the company. The starters in ratings 
up to 2000 hp at 5000 volts are available 
with air or oil contactors depending upon 
application requirements. How these 
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contactors are made and how they op 
erate is explained in the bulletin. Pro- 
tection features of the starters—short 
circuit, overload, time relay undervol 
tage and pullout protection—are covered 
in the bulletin, which also carries sche 
matic wiring diagrams showing typical 
methods of control 


Fire Pumps 


Ingersoll-Rand Co. has made avail- 
able a 4-page descriptive bulletin on its 
line of horizontal, single-stage and ver- 
tical, multi-stage fire pumps. Both 
types have been approved by the Na- 
tional Board of Fire Underwriters and 
the Associated Factory Mutual Fire 
Insurance Companies for permanent 
installation in fire protection systems of 
the hose line or sprinkler type. Cross- 
section views with additional descrip- 
tions of the design, construction and per- 
formance of these pumps are contained 
in the bulletin 


Float Valves 


A 16-page catalog, No. 107, de 
scribing float and lever valves has been 
made available by the Schade Valve 
Manufacturing Co. It shows balanced 
float valves suitable for liquid level con- 
trol in open or closed tanks, lever valves 
for controlling steam and other indus 
trial process fluids, and a series of dia 
phragm-actuated control valves for 
handling air or water. 


Oxygen Analyzer 


Leeds & Northrup Company has 
published an eight-page folder describ- 
ing oxygen recording equipment. There 
are sections on how the paramagnetic 
principle works, how it is applied to the 
analyzer and how the resulting signal is 
handled by the recorder. Other sections 
of the bulletin cite typical applications, 
performance characteristics and general 
specifications, 





PETER F. LOFTUS 
CORPORATION 


Engineering and Architec- 
tural Consultants and 
Designers 
First National Bank Bidg., 
Pittsburgh 22, Pennsylvania 


Cable Address— 
“LOFTUS Pittsburgh” 
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Wing Steam Turbines cost little or nothing to operate where 
their oil-free exhaust steam can be used in process operations— 
or in space heating. The Turbine acts as a reducing valve... 
its exhaust steam has been reduced to the pressures used in heat- 
ing and cooking operations. Wing Steam Turbines give an. 
infinite range of speeds, easily controlled by throttling—and 
they are completely independent of any electric power failure. 


WING STEAM 
TURBINES - 
















Wing Turbines furnish 
smooth, dependable 
power for compressors, 
pumps, fans, blowers, 
winches, generators, 
mixers and similar 
equipment. 


OPERATING 
RANGES 


Horsepowers to 
150 b.h.p. 


Temperatures to 750°F. 
Pressures to 600 p.s.i. 
Back Pressures to 50 Ib. 
Speeds to 4000 r.p.m. 


Wing Steam Turbines are known for 
their rugged construction, trouble-free 
operation, long life. They have been 
serving industry for over a half-century 
Write us for further information. Ask 
for Bulletin SW-la. 


L. J. Wing Mfp.Co. 


54 Vreeland Mills Rd. 
Linden, N. J. 


Factories: Linden, N. J. and Montreal, Can. 





UNIT HEATERS BLOWERS DRAFT INDUCERS TURBINES 

















FLEXIBLE COUPLINGS 
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& COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST 


POOLE FOUNDRY & MACHINE COMPANY 


WOODBERRY, BALTIMORE, MD. 





: ‘detect O, 


in FEED WATER 


Continuous records of the oxygen dissolved in 
boiler feed water and of the hydrogen entrained 
in steam, indicate when corrective measures are 
necessary to prevent otherwise unsuspected and 
costly corrosion. Cambridge Analyzers measure 
and record dissolved oxygen directly. The 
' hydrogen in the steam is measured and indi- 
cates the quantity of oxygen set free by dissocia- 
Cambridge Instruments are available for 
continuously recording either O, or H, sepa- 


tion. 


rately, or O, and H, simultaneously. 


Send for Bulletin 148 B.P. 


CAMBRIDGE 


INSTRUMENT CO., INC. 





3769 Grand Central Terminal, New York 17, N.Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 














to the 
power 
plant man 






who wants to be 





—- 
A SALES ENGINEER! 


Some of our most successful Sales Engineers served their 
apprenticeships in power plants. They found—and so 
did we—that this practical background ideally suited 
them to be trained for better-paying, permanent sales 


jobs. 


The men who qualify will be thoroughly trained to 


replace men in established territories who have been 
promoted. They'll be paid salary, commission and ex- 
penses...will participate in our profit-sharing, group 
insurance and sick benefit programs. 


If you’re in your thirties...know boiler operation, 


write or phone Mr. W. H. Bingham for a confidential 
interview. 


Dravbowu 


TRADE MARK 


DEARBORN CHEMICAL COMPANY, Merchandise Mart Plaza, Chicago 54, Ill. 


Phone: WHitehall 4-3273 











AND High Pressure Rubber Gaskets 


ALL SIZES TO FIT YOUR GAGES 


ERNST WATER COLUMN & GAGE CO. 
Send for Catalog LIVINGSTON, N. J. 














PATENTED 


Removes and Prevents Scale, Stops Carryover. 
Prevents Oxygen Pitting in Boilers, Condensers and 
Evaporators. 


““KEMEX’’-AMINE additive, 
condensate return lines. 


“"KEMEX” PHOSPHATE controls high pH. 





prevents corrosion in 








Openings for representatives in Several Territories. 


4030 Chouteau Ave. St. Louis 10, Mo. 
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a" The Operator With the S-E-Co. Coal Valve 


can rely on dependable, easy gate operation 
because the double racks and pinions prevent 
gate cocking and binding; the U-shaped gate 
” ; c i »perating parts 
tures 2” offset between inlet and outlet centerlines keeps coal and moisture from operating p 


and a disc brake to prevent gate from self-closing. and prevents sticking and wear; roller bearing 
equipped rollers with pressure greasing and 


dust-seals support the gate and insure free 
motion; and the operating shaft is mounted 


S-E-Co. Coal Valve shown below is Style 2BS, 
designed for inclined installation. This style fea- 








on anti-friction bearings. 


Purchase your valve requirements from Stock 
Equipment Company, where valves are a spe- 
cialty and receive the attention to design and 
construction they require. Stock Equipment 
Company has a full line of valves in sizes rang- 
ing from 6” to 42” designed to control coal, 
soot or siftings, or bulk materials. For bulletin 
or help on your valve problem, write to 


STOCK EQUIPMENT COMPANY 
745C HANNA BUILDING 
CLEVELAND, OHIO 
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BOOKS 








1—The 

Writing 
By ROBERT GUNNING 

Price $3.50 


Technique of Clear 


289 pages 

The author of this book has had out- 
standing success as a readability consult- 
ant and his firm has conducted readabil- 
ity surveys for the United Press and 
Newsweek. It has also been respon- 
sible for clear writing training for such 
organizations as Standard Oil of New 
Jersey, B. F. Goodrich Company and 
the Baltimore and Ohio Railroad. 

Knowing this background, the prac- 
licing engineer should approach this 
practical guide to writing with an idea 
something like this: he is capable of 
writing clear and convincing reports if he 
is only wise enough to apply the outlined 
principles thoughtfully. 

The book opens with chapters telling 
what has been learned about the habits 
and preferences of readers. Then fol- 
lows the second and longest part of the 
book in which ten principles of clear 
writing are elucidated. Part three has 
chapters entitled ‘“‘The Fog in Your 
Newspapers,” ‘‘Business Writing,”’ 
“Legal Prose” and ‘‘Technical Writing.” 

For the engineer who wishes to write 
effectively the last chapters mentioned 
above deserve rereading several times. 
The author points out that the men of 
science most venerated are those skilled 
in communication. 

He writes that most technical men 
and women talk clearly and concretely 
and are able to explain complex matters 
to a layman when they speak in oral 
communication. It is only when they 
begin to write that they shun simple 
English and slip into an odd jargon that 
they consider traditional and wise. 


2—Coal Manual for Industry 
By A. WYN WILLIAMS 


Price $5.50 

This is a very readable, moderately 
technical presentation of information of 
interest to anyone having to deal with 
the purchase, handling and burning of 
coal. 

Starting off with chapters on the 
physical and chemical properties of coal 


324 pages 


and the combustion process, the book is 
then arranged to describe the various 
conventional coal-firing systems. La- 
ter chapters take up problems of air 
pollution, methods of coal preparation 
the uses of lignite and anthracite, ways 
for handling the storing coal, and cri- 
teria for its purchase (including elements 
of typical contract specifications). 

For the purchasing agent, the oper- 
ating engineer who wishes to broaden 
his knowedge of coal utilization, or the 
engineering manager whose activities 
only are occasionally concerned with 
the design or operation of power plants, 
this book is to be highly recommended. 


3—Handbook of Engineering 
Fundamentals 
Second Edition 
EDITED By O. W. ESCHBACH 
51/2 x 81/e Price $10.00 

The first edition of this handbook 
brought out in 1936 established its place 
in engineering literature. In the present, 
or second, edition all fourteen chapters 
have been completely revised and ex- 
panded with the result that the total 
text has been enlarged by about 25 per 
cent. 

The book is the work of some forty 
contributors, each a specialist in his par- 
ticular field, under the editorship of Pro- 
fessor Eschbach who is dean of North- 
western Technological Institute, Evans- 
ton, Illinois. 

Contents, by sections, include mathe- 
matical and physical tables; mathema- 
tics; physical units and standards; me- 
chanics of rigid bodies; mechanics of de- 
formable bodies; mechanics of incom- 
pressible fluids; aerodynamics; engi- 
neering thermodynamics; electricity and 
magnetism; radiation, light and acous- 
tics; chemistry; metallic materials; 
non-metallic materials; and engineering 
law. 
4—Steam Power Plants 

By A. H. ZERBAN AND E. P. NYE 
Price $7.50 

Intended basically for junior and 
senior students who have had some pre- 
vious work in heat power, the text has 
three objectives: 


524 pages 


1. To utilize fundamental principles 
of science toward the art of heat power 
engineering. 

2. To bring to the attention of the 
student the economic factors that influ 
ence engineering decisions. 

3. To give a general picture of the 
steam-power equipment of representa 
tive manufacturers. 

The book includes chapters on power 
plant cycles, fuels, combustion, steady 
state heat transfer, furnace heat trans 
fer, steam generators, steam power mo 
vers, fluid handling, instruments and 
controls, and internal combustion power 
plants. 


5—Advanced Mathematics in 
Physics and Engineering 
By ARTHUR BRONWELL 


475 pages Price $6.00 


In preparing this text which is in 
tended primarily for students in engi- 
neering and physics at the senior and 
graduate level, the author was guided by 
the following principles: 

1. To present a fairly complete ex- 
planation of those areas of advanced 
mathematics which make up the princi- 
pal analytical methods of physics and 
engineering. 

2. To provide a broad perspective of 
the physical sciences through an un- 
derstanding of a few fundamental math- 
ematical formulations in those fields 
common to engineering and physics. 

3. Tooffer an opportunity to become 
aware of the strong underlying unity in 
methods of mathematical analysis in 
many areas of physics and engineering. 

The first five chapters take up com- 
plex numbers, infinite series, solutions 
of ordinary differential equations, and 
Fourier series. There follow chapters 
on partial differentiation, vibration 
phenomena, Lagrange’s equations and 
vector analysis. Subsequent chapters 
are concerned with wave equation solu- 
tions, heat flow, fluid dynamics, electro- 
magnetic theory, functions of a complex 
variable, and Laplace transformations. 

This is a book well worth serious self- 
study by engineers whose mathematical 
education ended at the calculus level. 
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